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o^j-^j 3_jjLUI 3_jiUJI ijj^JI J^Li- \,;,q,o j9 bja^JLo 

jl . . ajj^* a J^ajj cJ^^ * 1 ^J J> * C^- C7~*^J ' 

iUjLUaJ! d]jl_»_U <j-£: ^_<i/lJJI jLajJJ ^LsL^VW 
j i ii J) j j ta **' 1 ^yu^jJ\ "JJ LaHl I cL?eJL_u^!j 

S^LaVI ,j-a (jUVl l>»-La-<J 3j_ajllj 4^jj^>J,! 

J j ir^ L»J.I (j-oj ,_£j_2J!j (jJ-I.! (jjs 
jj_a SjLa^LI (jy-JJ-J (jH-^ CjLjIj-l-xJI (j-oj (Jj-^-=*J' 
Ltjljjl t_!j_>J! Cj ^1 La (jSLIj . Lj-a^>J 
l_i_Lj La ^^Li^sV 4_j_aj_2JI jl ^jjl ui a CjIJj 

j-Uii-^M I." i 1^1 (jH-II (J "Jj ' g^JI t r J J"- >t " ^ 3 

..(j^ijLJIj 

J-jljl (j-a (jl j_la_iJJ i " . ii 1 1,1 i_tJjJL!l (j! j-J-C 

. . Jlj j_>J! ^ SLLijJ ' jSLLi jL»^5j-a « Lu (jl^ Sj-ZuLus 
j a j J-fLSj 4_La ; I Jjuj Pulkovo Observatory 

c^khH 3 J-^>a j^l f^J! ^j-fj-H! S>j^>. 

.jLa^JLl (_Li^>- J-i^sj_a («Li^jj 200 43 lj_a j_Li3j) u. 

Ij *-\ Hale Telescope, Mt Palomar Observatory u-i^ 1 
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d^tjj SLuliJI 2LJLl_st]l <_! jj»JI i^JjLuj sLgljl Juu jr)j<UII j *Lal*JI JUjO^V 
C' I /h'^\ i ii J 4_i£Ljj_a^/l SjLxjII CjLjVoJI CjJLuI/ lillj Jijlj j<u ..CjI_oJu-u 

Kitt Peak National Observatory . . . Lr^ cr^ 3 >" ^-^J- 3 («-IL«J1 

w Sj ■ II jl Laxll I'lUlLi ^LaiaiVI dilj Lul tajjj c^acjj Jodrell Bank 

. cLt-o ^oj 150 «Glj-a j ta^ mi a ijr I lj^-*-u 1 

dlliJI 4^Utjj-diliJLi ^LaljfcVI I jbt (jjiSLtjl mJj^V! JjJ-tl ,jjs j_u£ 
2 j air Slse-a 4jI ,j-a JJLC ' " i -» a i aj IjLfl . . 3jaUI1 Cj Ijj uill I (jlr- JjJL>JI 
I Leg-L^aieja L_uaj-uJtt_a Uj^>« JL>*J (jl J^J-U (Jj^^ tiiij (j-a ' "I 

i jljjl^JI diiiJIj 3_uaSLll sLj^-loJI (jjjLus ^ SjujljJ! oLaLi^OU 

5 1 lj Cj| jutl iSiXI ^jJI S J g , ,i a 3jnlr ^1 SjjeJ 2jj laj CjUej^l tfj-fli OjI^I 

4j^ij CjLllla_La ( j-a C ^tJ L x iJ ^LalL&VI lj_fl> (p_a 
j k'tl ^j_a a^-caj jj^r»oj 4_aLxJI ' LxaHJba cJiaj ^jl J_La ^jL-ojVI ^jl : Jf^Vl 

.. LaajL^J L»a!j-a 1 ui its J_La »1 o i ntl 4jj-Ial_u J^e-l ^-Aj j^paj^/l i _ ;r II 
J j I ^ ^_a ^-jJ ^113 dul^ f\ (j i nit fiQxfilj-aj fiGjUfcLiiA p la * a {j\ 

JLi^. IjLi ^oi^. Jjl LdioJI joJLc (jl^ (ji I jut (jl^J ...Jjil! u£ J-«-«JI 

(jLSLa diliil VI (j-UsU! ^ 3jl ■'"•^ ^23 ^oJ 4j| JajaJj Jj V .(jL^jV! 

^ in j J ^ i"i I LiLLflJJ 1 n i ntl CjLjLj jJ! J-J-a^J- '."i 'OJ-«3 La^ . . I Jj** jjLi 
fiLoJLa^. J_t£- ^5t*-^^ 4-tajejj ^jJI ^LalLA^I jj-ujJj . ^"i mi £_Ua1^a ijr ^J 
(^jjdJI 3 mi itjJI j j»Lajj*VI tiiljd Ijlj-cl^ul VI 3!bjL>JI 3_Lai«JI SjLajJI 

.^jL-ujVI ^_a I ui i 
si aUtl ( _ ;r l^. Ci-aTLV tfjLujI Cjl_JLa^.j ? I i a a 1 1 CjLajl ^1 t^yiUJ!^ 
LlA * 4ILa_Li>.j «Qjt_j_LlaJ ^_ualj jj i ajj illlaU ^_ujx. ^s-^ ^-ijJ 03^-1 (ji 
, , ^l_LaAll »l a lr c^^^^ J-£-!^ -iJ^c i-dlj^Ltlul (jl^ 

3iuJU>JI Sj^iaJI CjLtjVl j oLu/ljjJI (^Ic ,jjt_j_o.^l jLalcl (jl^ Luk (j^sj 



8 



\!Q n "'9 



CjL£j_U (j aj j i all cj-^J^' LSi-?^' <— 2^»LiJ! 3^-^ aJ (J-° iJj-^jJI 

^LL! (j_a ^LiajiJI -iljlj (jr^ p-^ 0 L4 (J^ ^ ' ^ ?' d A h *w t, 1 4_uLiajiJI 

1 J_A 4_j_*_aL>. 5jL^ o sc 1 p g-L^aju (jt ^j&*-< lilAJl aLi i Jjj^-S J)~ 

.pl*Jt 

i La 3 * j j t (>S-4J V 4jl l^jjjIIj ,.^j_iSL!! 2_LuJ! jj* ^jJ! jjSUI <L-u!jJ-i 

I c Sl_j_r»JI p J i I LujjLjiI IjjsI OJ^-II p-#^ I jJj • L4jl ^*-J jl Lj I -1 ■ *— 

'-■ SJTj 3j_jju>- LsLal d^e-la a j i . u itl cQjjJijj ^"i mi ul cjL*jI q'\ Li£ 

p_&l ,j_a J-*-Jj . <La^iLaj (jjSLJ! d ♦J.'^ (jr^- (J^ 3 (j- 3 *' 

4_j_uaLjj-J1 p-j-ALa-llj CjVjjLuJJ tj<ja JLa-**t i u a (jaSLJI d jlf (j^-) (jl (j^4J 

p j )l ^ t . A j \ * a CjI J_a1 mi aj J-^ (j^ 3 ( Q -^ J ^ ^.a^e T u l_a_a (^_^iLa_Laj 
^''J^"' ^ U Vlj .,1 toj ^tlj p 1^ tl , ,. ^jj t , ,. » V ^ *t 1 

p-^3 Lj_Usj_3 CjLij! j»JLc jl (JIiLijV SjLaI miUj 4j^!jJLI (j^^iail 

i£Luj£LII « Ljj_Li!Li <— >Ljj_LaJ! (j-a £>S L-<iiJ . . (_)-J-3 (j-a (j^j pj SjUJL>- 

LJoj liJIij I jut • • J^^^ ' <j-° Jv>^ '-^ J 

.Cosmology ojSLII pi^. p^j/Li i-Sj-c (_gjJ! jujl>JI dliill pi^. 

I La ' i rt LLjjju djx. ^jJL) (jl I m 1 3» I La ^aJb j-t-oLtXI JuJu>J1 p Wtl 

4_jj_<j/j Jl-i-3 p j i ea « J ^LalukV SjlTi i iiI dJJj) ( _ ;r 3 (_L«J i4_ujj(J! Lb I i ui\ 

\ a (jl JLjj-a dJLLaJI p 1 c ^jl J_j_a p j" ilS ^ * OJ^^rH'dL? [3 ^ 

j-uJL1 jj-t *L1» Lj^La ._A . j j)Lu_uV1 (JaJLlJ iCjL>.LiX1j d i^i ftvjjlj ( _p3a_aJLl L 

.« LSla ULc j \ LuLj_i£ 1 1 jut I jj ■ . ujVI (jjS-j (jl Lis. 
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jJ3j_o 4jaji_i (j! I nlr (j 1 -*^ ^^ L -?'<-!' UJ^' (°-^- ' cr^J 

(__) ■!<! l" l t l p->>J (Jj^»- JJ^-J <v^'j-^ 

(j-* 3 3jL>.!j ijr A (jy^JI Luj^?E_a ijr 5 ^j?e_l1I (j-uj o gill lLILlAj 

.4jjjJ! 4-mxjij 

tjl i iuVI 4j£jjl ^gjJI LLajJI (jl^ Lxf^ lillaJI pic (Jj<-lj 
L^-qJl?-**( i ill (^y^JI 0j-uL*-«J 4_j_u3j^M ^jl i ujVI p j &1 d -1 * ^j^SLII p-£3 4_JjL*_a ^£ 

ijlui^ I • • gLt-JajVI 4_u jL>JLi 43 Jajjjj till j£j L^ILu jLvj 
.. LgJj-j a.j (_psjV! 4_b^ ^1 d j 1 >i Ljj d j 1 11 ij JaLjjl Cj! j cGLLaLSu 
f 1 -^?"- 6-° ^4 ^ d *** 1 c * - 5 ' Ji3_oL£ I jl-i*" ml (_ylll 4jI jjLS 

«L«jt^tj 4js^Lc (ji JLi V i>l 1 nl LaLlLiI (jjJI 4jLjI_Lij . .[yUja 

^lo*) ^^pajVI fiLu]}L^_i «QjIj 4 1 1 n m ' , 1 La *"j I j^paj^/l ^jji^. 43^jj>. ^lo^j 

Lo j J C ^ La ' ga rt 43^)j>. dul^ ^i!Lo ji^l ^_La_*_u (jr^ ^J—* 0 ^ '-^i 

(jl di! j (. 1 j 1 nil j (_p=jVl c-<£j^ (jic- J^p-" ' " a (t-jbSJI JLii- I unintl ^ 
p LaC 4JLjjaj (_g jJI Qj^JLa . i—SljJa^/l ■> I La C 4JaLx^jj Jjsjaj ^l^pJI tjjj 
|j_ikj p La « II dJJj I j 1 1 sejJ (jjJ-II JaJLUaJI J-V 0 "JJ - ^ t-fll^loVI A LLac 
^jl ^_j_>JI tjjj l)^ * p-LajtJI Qjj Cr^^-^J ' p LajtJI ^La a g <L>.I 1 n a JJ>^-) ^Jj^ 1 
L i ( uLlu p_LajtJ1 ^Jsa 2 rt 4j>.1 1 n a La-Lu , d iUUII 2_>L*_)I c-utSLa l i i uLuj 
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Jijj (_g jjl j_ l£ dJJ j I c j . . j • i a 1 I CjLjI ^jj»JI (j-a pjW-Ualj 

^LjjojlII (jjj (J-° (J-^ ^J-* UL^ri-^ 0 ^ .' ' ^" 4jjL*JI ^LjjojlJI (j£. ^J-* '00 gLaj^r*. 

,jja i^jil 3j_a i_aVI Sj M.f V! ojSj <>) u^Ij (100 c-ijiSLa ^l) jLull 

Jjj_u^/j . jL^jja 4l2j JaJLJa C^r>o 4l>.jl p La (jl (j-a Jj ^La I jjj . jLjjlU 
J « a J (J-2jJI 'lX>**' r U j j , a I (_p3jjijj SjLc a LkuJ I (jl (_djj 

^Jl l_L& (jl ju V La^ ...3-£j^*Jt aLul 0 M.U j l£ i^LuiUJ! 

jj_a Jjsl 4 o *y 3jLc L-AaJ Lb I ■ tlail pJ«- lSJ-^' <LaL& 4_IaJij 

dUj ^LajV ■ . ilall Jl^I«jj ..pi .i->JI «Ltj| j-J-aJ*- (jJ! j»jJt ^Ir 4jjJu3 
pujcj (jjaJI JLs-!j j»lj^>- >Li£ SjLjjj .. L$jjjy_aj <j-ulj_<iJI tUlaUa a ij^- 
LjiLUal LtaJLJa J-!jJ ! JUfca) SjLjJLc CjljHa ^Li^Jalaj SjjJUv 4j$-aj '^^■j' J-*- 1 
ctJLc d r o , ntl j y i 1 tiluJij^J! < Jail (j 

' . lISJI (j I (j-ijiJ I 3j_a 1 00 ^ C^?^ -^'j liLJi (j^Lcj . • . Q>j Laj. 
l_JJLll JjSoj Ij-Aj 3j_a (ja-JLa jlj p i n-»JI Qjj *J-° '00 Lajyjv jlj jjj 

I i j a cLjt- i ii iVI ^1 J i aj (jl (jSLaj (jjj 4j <U (J-l3 V . t- » < V> CjjSiJ 

.(J-ljI i>_uiJI 4-Jal La a OuL£ 
i(_Jj? (jr j_iLj JajsV i U j i ii J jlj U" t hLj JL>J,I I jut (^ ^ i niiit ^ n t ntj 

Lo.Vl *Laiil U LaMi. 

j j La ~ V o'- J -^ 1 v — 'J^- 3 CH^' t_jlj-uiVI (jl liil j . . Sj_a 4jLa 

^ I ^ I ^ ^it«<- JSLut L^J (j ..jl (_g I) I j» I L\c V cj \j uuJ La . . cj Ij uuJ I 

^ ala. j_L^ ( _ ;r a t_-cLa L^J Jj 3 Jls. Ij 4jj^j_a <Lge-Ltaja (j-uJ L^aiaj . ( L^iSj Jji^tlj 

(J^j ^jLxHJLj (J-a-t3 L^JSsJj L^jJaAjj ^ I ' aj rt < i^LoJI ^JUtj lj 0 1 CjLiL>. (j_a 

S * Ci i u-j 9 1 jl ljL>- Sj j j ^ CjI^ uj "kJI 3^9 (jl La^ icCLii^t_) qj se a <. il^ 
(jLSLalj "All L^_aj j»LLaJ (jjs i_Sj|jj(js dlli <_ . 1 1 »j ...(jL^ij'^l jl 3jj_2JI 
(_L^ (j_a SjLjj^/Ll L^J a 1 n_l Lajs Sj_<I/Ljjs Asr- nil^ll ^1 (_gjj>JI «l 34JI Jjj^sj 
(jjs Luilj ■ uj ^>LlLa (jL^iJ^I La_Lu ('/.2 I ^l^*.) tl^JI ( _ ;r 9 Jla^jJil (j-Ua- 1 n^Vl 
p Lt 1 La^ (j\sz-u£^\j . (J_uj2_lLU 9. 1 ^-11 (j\J3- 1 11M (j_a /5 ^-LjJ ^ 1 1 tU 

&IU~.,„V,-.lj uuJI Sjjj (jLuj^U OuL^ ,4jjLLaJI ^LxiV a I jut] I J 1 ,i<jj (^jJI 
j_l»j i(jL^ _aJ 1 1 JUk Ji-aj • 3 Jl>.Ij 3j_ia ( _ ;r 3 (_La^/l (-J JLc lj""jlj^ j a^j (jl 
... jJI 4jIjjIj 4jVIo 4-t-aTiJe.aj ajJLaj 4 '& 1 n_t (jLxjuVI CjLs^Lc (jjs 



I I 



p x se ) (jl i ii t VI p se ~w Jal—ujl (_£Jl^ ^LtiajV 1 JLA (J^ Lj>^ 

j_jjLiJI ^1 <Gl ju pjtjJI jujj JoLujVt I jui> jjlj 

.j_uL«Jllj (jjijjLal! .sLaliclj cjIj^VI j_u^sj jajj^mi ijJIjjj 

dJI—Laj . ■ I "i a 4lj£a f 0 ^?^ liJLiA tjljjT It (jaSLj (jl (Sl_o~ sU3 i_i£j£ 

dim ilL («(Jb£j Lqjjejv) JiaVl jjt (jLtujVI (jU il <UC VI (j-lc J-a^EJ (_£ _a3 i 1 1 n 



(__pajV1 w I c L^_3j-jlj La^ 4jj-j_>JLI cLjj-loJI (jl_j al aUtl (j^a ±Sc (J^^j 
CjI j 3_oLa ^ aJaj I a«" 1 11L1 L^jL^uLtS ji-oja uijj L^a-ufcLLa (jV 4la-a 
( _ ;r ic 4jj JLSa (jLuuVI (<s^>- £-a ' i uLuXI (_g^L«JI joj*^>JLi (jr liuj . (_£.sLc (<s^>- 
4_jj^LjJ,l ai-jj-j-flJI ^-3 (jl i ii 'iVI L^JjIjlIj ^ylll SjLU jJa^ (ji La£ . LgJjljj 
J a ■»"! i n't dilj^j . 31aL>. <_p3jVI ^^ic. SjLa <bl 4j (ja£j (_gjJI jJL2JLi Sl^Li. 
^j_a 4j_}L>J1 j^_aVI ( j_a 3l_SIL_u_a (jaS-J i LuLfc jl 4jr JI Sj^LoJI tpl fl-U uiJ 

.Ilia* 

(jl (j-iL-j-j-taJI (j_a (jLfl 4laj3 t_lL_uj/^M OJL^J 4jjjjJ,l aLjj-LflJI C^jI^ I jlj 
(_yj.ll (jjuj/Vlj j_uLnil i_S^llo.V ljL>- 4 m r-i j 4 n i^-> 4_uaSLJI aLjj-LoJI (ja^j 
dJJj ^a 'j taJ mlj .4^ljjl jl a j j a a jj i -»~ , ,, . L^j (jjJIj Ll>.jJ 

<Uj * hi cL>.jJ_i (j^J p-I (jlj d i ♦ i^> Ltga-jl 4jjjJI aLjj-iAll (ja£j (jl Jb V 

..4_uoSLII «Ljj_LoJI 

Lj JulC ^U_u ^_i_o£ 3jLo ijr ll <?LL»-uifl ^Jj J_jj>. ^jiJaj t ijr jL_u_il (j-ul-Ld-a ^ItlLb 

o r i nil Luj-iJa jJj . . . 3j jJLI ij? j>. jl cr^" ^ *^ ^ (tJL^-* ^-jLo) ^ I 0 

— 8 

^1 Us * tl j t-s «^ (j-JI ^ I c Lea se * LuL^ (^j^-lLo 4jLo) JJjlJI '< * j-^_5JI 
^JUlII 1 JLA jj-oAjj ^nxxuTuJ 1 a UaJti 1 ^ U. a Luj^lIs i^^>- I ^J-^J * * f^j-ui^-uiJ 1 
. . Lt3j->Jl 4jr J^ jLk 4j ^J-4_u^ljxLi1 i.^ .^r i .ill Jju c—IjLSj Lo ^1 Ltiua jJ 
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^ * 1 i 9 ^als . . iJ? j>.Jl^_4-l (^j-jLSe-o (jjjLjJLa (_£J-t1 ^1j->J1 t _^ r JLc ' ^■~» ' t—dJt 

J < ••» -»■ ■ l—LiLa (jjj_Ju^.j «LoLoIj jl>.Ij ^l) ^10 (jr-l^. j»lj^><JI 

' ^ se ) i _}JL*J! j-^'' tfLbj-Us idJJ!i (j-° ^^-J • 4_o* ji^_a_i <^JJ^ 4Jb^ (jr^Lc 
l_bj_U3 I jLa . . ij i ii a i"itl a Ltajcl I ( _ ;r 3 ^ » j j U j-<t3 jJL^sl «Lta£ i_!jL2j La ( _ ;r Lc. 
L_LIi£,^_aj?e-a filL£ » ) jL^ J (jr^- tJ- tjiaJeJ L^L)- 5 *' ^J^ 3 -}JL*-!t ■• a * I Ij-A ^jLJI 

£_a (J_al_*_j_) 5_jjJ_J! ^Ljj-j-dJI cLaL=»o1 ^9 d uiaj £>H JL^-i !ji£Laj 

Jlj*_j JjLULj SjLc ■ 1 J LI 4-u-u-LlL] j » ■ all 4_uiLiILa (J^J (J^ 1 ^^" 
d j ifrl— Lj-d (J^J (J-"^- 1 ^-* (J-aL*Iu 4_ua£LJ1 ^Ljj-jjiJI «LaL>o1 4jr 9 d uLdJ 

*Ljj_LiI! (j-a LJLajjLi Lul (jj 1 " M (JLjJLI (jjs j-Usljj ... SjslitxiaJ I J j-jSLI I ( _ ;r 3 
jj-a I JL>. tj-J^ Q ^ Jri"*"^ J~^~ J- 4-1 ^^JrJ-^ C^- ^- J - i ^-*-^ 

^L^-itl (j-o i^l-jLUall oUoVI ^ LLtLZuL sLajL^ij ^jJI ,j^Ll21I ^ j_JuJ! 

.4jjjdl sLjj-iA]! (^11 SjjLlII 

oji^L^uj aj a Lg-u L$J Jlj*j ^1 g-j^ 3 ^ 1 "j V 'LIjL^JI JjSLIIj ^^jtr»J! 
<Luj-^*]| 2 ! i mII jjLi Jj^JI Jj^" j! •• jLtjVl j oLal . ..U j-oi tiJLuk ^<u 

jj-jj . . (_p3j^M tjl i ii g| j i ii it Li i_^.j_o j_ol (jjSLtl fjS 4sLjla 3 Jl>.j f^yJt, 
. . cLu^_UiJ1 CjI j i i ntl ^-i^Ljj ^jjjLoj ^j^SLII ^9 CjLsL-u^ l^J- 1 Lc J_t£. U^_*_o j-aV! 

4jjjjj 4jj Jj^sjj j a (jLi njjSLtl »l nlr jj< i"i (j] dit j ^1 i rr iM 
CjIjjjj/ ^LtS w j~ llj j<uj ^Lt3 Cj JLs. Jl^ ja^aLa I CjJLaj j_UsL>JI C^jJ! 

.(jjtoJit j-fui 4jl (JLaj La Jjai ' » i"i J-A Lx-il 1 1 JLc (j^^-l' ^ 

SjLa i S^llii. I ljr ii OJ^-Lt 4jjj/IjJ f_y£ (jLcujVI «L>-I jj 4jj» ir-i J-J^l (jl (jr^- 

. . 4_oLjj_Litl I j . aSI . (_p3j^/l ( _ ;r l^. (_^ltl SjLil (jjSLt! 

•.ii^Lj CjVLs. SjLLI (jl 4jjL«JI *Ljj_LaJI ^ya jalnJ (jLcoj^l q\ 

ijjLuJI «Ljj_Litl joJLc (jSLaj JL3 j i4jli^5j (jjl jll Ll!L>. Lutj) 4ijLu/j ^jj^ 

,^1)1 iaL-JJ ^ 4-uji^>ll ZLXuJIj Sji^yi ijjllll ^ jLS 300 ,000 iaL-ax ^j.^ll j j , ,m (I) 

. dim Ltj j i ii I 



IS 



..Jli^t-iLtt L^jVL>. ijr 5 3_}LaJLI «QjIj gajt ' «L^_ua1j ^_ufcLo_a LuLLi£,t jj_a 

SjLU (jx. l_Lu La^LoJ ■ ajlsej Q5SLII SjLU (jl Jl>.j tyjj^JI j«JL«J! (jSLIj 

jlsj ..((^jlll! JjJlJu jUlI! SjLl^. Loj^LJIj) Plasma Physics 4_usj^LJI 
^3 dri 1 -^' o' j^^W j^ 1 - 1 -?^" (j- 3 -? -lSJU-^' ^LajjV! t_jjL*nJ 3 j 1 nilLi 

^jjcJJ! ,j-a SjlII C-jIj 1 m')I 3li^naj Mitt ^ (JjK^I jl) ^Lltlj 2-ualtl 

^Jt LxjI t g| j 1 a n .".tl ^LjjJLj La g I 1 ea a 1 1 ^1 

Sj—iILa c\_i_aj^t_) Cj^t_UiA_a I ■ ga )1 j^jJb La-il ^^?e_(J1 (j"*- 1 3j3l_u_a ^j^aSLIt 9. 1 
ji) (_£.}Lc jLi-i (^gjr i"i a jt) (j_iLLa jLc. ^La^tt ^e-la-m Jut£. 4_t-aLit_ij ^ 1 a" ifr^U 
Ci 0 -»o (jy^-JI 4_Lu3j-itt ^LaH&^tJ Sjljt LlA j-ALtiXt J_Jo1 (j-* J-^J * ((J-^^-*^-* 

JljLl jl-C, (j^O <j 1 11 -V. 1 I"* J 3-1 lit (j-tt <■ ' it jG ( _ ;r ltlj CjLj/ljjJI i>JLA (j^. 

^Jt J_t-£u ^^y^- ' * < ca * * ^jl ^£L4-J -ijL-^tl J^-*-^ L)^ i^>^>*Lj-u j^-*- 1 2_aLj 4_LsL>.l 
(jSLx-i ojjl>JI I jut Jilaj Stage of gravitational collapse ^j-^JI jl j^'iVl j^Ja 
^j-Lt-a-ij .CjIj^>J,I ( _ ;r 3 Jlj^LlkJI jl 4_ujja_Ltl Cj^ljSiltl jjJoSj 4jtjj ojSLj (jl 
. . «LxjJ^2 ^J^*- 0 <_r^ (* 3^?° ^ UJ^" 1 " (jr^' ^J'J 't-^tl cLlLojiJI L^j| jjs- I 

' *^ (^psLit-a 1 -1 J ^ a tj < cLlLjjlII a JJt (jlj ..jlj o~i < nL] ^ ^>»J J-J JJJ ^ ^>»J «Li^ 
^ ^E_Ltt S^Lo (jyjG {jja jjb ^L^-tl (Jjl 1 n**it1j . ^jj>. t LjL-p* I ' rt J ^W-^ ' 

(jtr 'j j « < I ,j-a 4jjjJlII 3jLjJL>JI ^-AUaXI ijjufc ^JSi La ^tr j 

4_ilj_c. j_aVI J-jj-J-t J^>-^ tj ' aj-i^a-i (j? I ijlr ^Laj-A^^O Sjtjlj 

JL3J • (j ' iijULuLa JLa-a ^1 (jj^Jt (^yi Laj^LJI 3JL>. . V. I jjtj . . 1 J j ? »" j 



\!Q n "'9 fco^Ao 



j_j_i^>I «Lj_LflJI £ji>a jjtj i Magneto-hydrodynamics 3 j i jULUlXI 

S_<j/ljj S^5c_Llj S-jjLUI 5_J.L«JI t_jj_>JI j^laaJb Ijj jia (jLSj 1 bj. 1 ^ 

^ 2 j I J t£ P ' ""^ ^ luiJcJIj (JjL^JI L#jJL>. ^1 i a jj i t^t 

cLi^Lx_ij I j i ■■ a ' L^jjLa ^1 4jjjii! Lj-3j Lj J jii^VI I JLfl>j-jl L^ILujLa. jUa! 
. . . i5j^>- 1 CjLsUa ^1 4_uJL>J! 4^aLLaJ! Jjo-so ^ j ij^J-^J! jLl^jV! j» j j a a 

CjJLaj La jj i aJ ^1 1 1 1 2 h (^ JL>J! jLj^jVIj JjL^J! t_! J->J! I JLflij 

(j-o 4_j^SLa I j • i ul SjLU (jl 3jjL«JI *Ljj_LoJ! (jjs jaLu (j^tia ..SjLjJLI 

( _ ? _a>j) iCjLijjj-ja-UJ CjLiajj(j_l L^J iSljj (j-a (jjSju SjLs-I^JI SjjJI (jla <Jl! Ijll 
4_»JLi_u Cj Ljj^j-HSLJI 4_LuLa 4j9LLs CiLj^" < h a ^£ Lgj i_Li_pe_ij (d r-a- 4_o^a-a 
Cj Lijij^SLI^ I oJLfli (j!j i ( 4_o~aJil Si jjj! JjLhj) t d r-»- ."ill 

( _ ;r 3 CjLijijjSLlVI (jl La£ i L^j tla-La^J 2-aLaX. L^jl^j 2x.j_<j»j 3l jjJI (J_aa- 

( IjLjLc £_a JJJ-i I— a I ^ * p a ^ ^ ' a * 1 *_a 3_}LUaILa JJJ^J 4_oilL>JL1 Cllj^" i h U 

. Sj jJ! *Lj_i£ (j^. r4-l*-l La 1 (jr^l '-^-ta (j <* JJ^J La LgJLaj Sx.LtJI 
(ji LI 4j3l_U3^L] j^paj^/l ^jj^Lc ^J 4 -^^ (1>^ &jJLi La ^a_a>t t J-^- 

f jr Jj^i\ jLi^jV! CjJLaj LaJLi^, LjJL>. aa^aX I ! J-fli J-J-«-i (jl I nlf 

Lg-La 4_aLd> O^gl 1 .1" jJLJL ■ U-V" l_Ld>j . . I jj Ltala-Ltajl 3jU,l ilajuua ~ j 

CjJ_r>o!j I JJ a («J (jr^ 5 * Cxlai eta ll (j^JI 4 < j j U (Jjl 1 ."ill 

( _ ;r i La-ilj L^-iia «j t_uL*j V cjljjJ! cu^Ijj La^ cjLjajjij^JLi cjLjji^jSLI^! 

oJ_fl> JlLa S^UI (jl QJJJ >La_L«JI (ji^ti (jl .. Liajl I ^ i^nt (Ji-!j 

Laj>LJ! 4JU- a^^Htil 43>LUI ^VUJ! ^ ^ 2-lLsJ! 

(j ajl 1 ^-^j cjLoj^j (_g j ^jJ sj^^jI/ JSL<I/ (_j-Lc Lajlj (LjjjLs. Cjij^. (^H-II ^-"^'j-^O 

l_j_]JU>. 3jL^_La 3_}La (j_a ^LtL cLajtLa ^?ej>. (j! jj ' tQj * ^jt (j^-a-i ' ^aJ 

.SS(jLlIaVI jl CjLla jjJJ Ljjj J 1 aJ (jl (j^-a-i 
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..(jjSLI! ( _ ;r a LajlUsj 3j!j_>J! (_£^>.^/Li jl . .3jIj_>JI Sj^a LUajl (_dLL&j 

^Jj . _}L£[3 3j!j->J! «L>.j_i (j^SLlI (j_a ^ » ( uLuj CjL>.L_u_o ijr 5 J_r»o Lq-L l . l 3 

(2)/ 

L_LAj (juil J aX\ '• a * 1 CjL>.jjJ1 (j-U^La ijr II ' 1 ^j?e_(J1 j^Ij-jO t _ T 3 

Ji-jj (jLi Luj-tij (Jj-«-i (jl I m!<* (<U • L^jVLs. ' ale I fjS ((SjLil » 4^jo- 

i .hULuLU JLjJU ^j^j Jaj-LkJlj<— iltaJI ^ji.'^l (jl j i n-»JI ^ 

. ^LLujJI S^UI 4^jo. ^^ao. ^ffi 
^^ia £_a.> ,j_a (jjSJ! 4-u/lj.S d jlU~i" La LUajl tllLlAj 
d 1 1 ii ilL (j-ojJLjs . . «U I La^ax (j£. '— alll^e-a (j^£LJI ijr 3 £JL>.j (j_«jjl J ^ ^ rt tj' 
Ljj^ jJsj . Jo-lj ijLjol Cjl .^.C J . , .. j_UsL>.J (_paLa (j-U jl jdal LJ 
»^ mi (JSLs . . 4^j->J1 (jj-bu Jl) J_>Jlj . . 4_*_iLlLo CjI JL>. I c_i_ujjj r*J ^ ^ ' '^-A 
f-^j-LM J£j . . i-LIjlkjj CjIjoJJ j-J^I (jJI Sj jJI CjI nj i ii-v jimi ,j-a (jj^JI Cr^ 

. . (4_Lo j^l *i-La_u) 4J i-d^tlj LL d 1 1 n ilLi I 1 1 1 ni 15-ilaj ^-i^j (J-*^* 0 
' . ■ euj\ CjJL>. iXlc j La jJ (j-ojJI (jl I t-jLtSJI I JJt £fjLo!l (_Jj_uj/J 

<G-3^Lcj (j-ojJLI 4-j-cu-lIL ^ -i j j a " jjjlj (jl ^ i aJ? *j-U • • Jijjj/^/I 

tfljj JL>.!j CjJU>. CjJUs. ! j! jLljtil LLa^jLa Lmae^ -J^' l> jJ*" ^J-^L] 

(j^^aljj,! (jLa 4jlSLa jo-VI i_<^ljJl! L«_Lu 3j_u^ 4cj_<j»j udjoilj 

(j n'C t II j .Ot^jJI (^ 4jLjjj V (_gl .4lSljILa (jjSij V Jls-I^JI CjJLaiJ 

4_Cj-*_uJ j-u_uj ( <-Slj-« 1 q frljj JL>.lj dt^J (^y^ (juJL>. CjJl>. jl ..^_tJt_t-£5 

.(jAUBl^ILa 1 <i ifrlj Lt Sj j j^ 
i ii i ii o i (jl dlix-i V Llj| (j^SLII 4jj/IjJ ( _ ;r 3 I "a vl . (jH-I' ' "'^ .'J* ' ^1 
(jl ^-t^/l ui II JLk-jJI I ijlr j .. LjjjLc ijJt VjS I J i ^■~» aJ 43jLa (j^ £ I-'J-*J 

(JjL_u^JLj ( I j o la * rt 3j-iIuLus j-J^) ^-1^1 (j-« i ui *^t^" , ,. * L^j ^J_^j 

O-UsjU^I (jy^-ll CjLlUsj-oJI (j-o (_^ia_i£ ^-o (j"u« \ (ji I ulr (ji Li^ . LJ cL>.LLLI 
(^j-ualjll^l (^.UsLjj ^j^_4-J ^ Lb 4jjL^t_aj 3j-*IoLlLI ^_J_S^?I j>J-A (j^aju JL>. I (j_a 

i^iLjjJI (^ySlaiJ I J i ..I i n't I SjuLiaj diljj ^ljo.^/1 o JJt, 4 jlr (jjSu (jl (jSU-i U 

j d ■ all D>J ^J^la i>.JJ 273-^1 p (2) 
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\'.Q ft , 9 



. 4j JL>.^/1 JJ^eJ V (^paljJl^lj ^-^^-^J eJ^^ <Jl$"^? 

jjlj i£j k '( \\ t^j-zc-iW 1 j_A ijr JI ^ojJI c *^y fsi*-J1 (J ! J^*J-J l)' ^-4^ U' 

(jl (J_^_*_uJ1 jj-* (j-u_jJ IjJ i4_jJI c-<-A j La <Xs^-l^> Jl^JoJ 4_jJjuiJl < JjLrtjJI 

VI 

^JLc ji dJLLaJI) njLuijVI d otVi joi^. Jji (q^SLJI) gjjJsjjs ^jJsl J^s- 
jJLJI ^UiaVI I *t j ■ ..a", £jt 1 ; fl j .(jjSUI iiLtjV 3-aj-22tl JjjJI 

^jt cL>.j jj j jJLij Sj j j ^ 4_Cj-*_uj J1)Jlj>o 4_laLlI1 i—S^jiuSLJI {j\ iJ? _L»_4-i 

d j o \ » II ,_5jLSj>JI (j-o ^^J-II j ' ' i^jJI t_iLjSL!l (jl ' ta se b p U II 

J <i lr ^jL^>. J^C ' ^ UiS[ 1 ^ tj 1*11 t^iT til (jl ^Q_A <■ < < Mlllj , 4 ^ l_4-4 ^J^l 

I j Ic Jjj Li 3jjLi_o ojut (jj^J LiLo.|j 2^1 dalJ ujLjSLII jIjlC.1 «Lul 3jLjJL>. 

tJ _o-Lc t_iLl^ I ^ju>-jj VI (ji^. (jjj^sj^ej »l gUtl J->«j I jJj . i_jLjSL!! 

• CP* * 1 " (j-* J-^l ^CI^LlLo (jt**- w ' ^ rt 

. * iLiSLII £-^lLo (jy^- ^L«-II 4_jJI J-t-^j Lo j^>«I Lx-ijj ^ 5-uL>JI 

jLa_ijl ,j_o 3JL>JI tfjl^J (jlsjjijj ^^LtJI ^J>3 cAi^' tiiiill (O-Lcj 

JUJLaJI (oJjJI IjL* /jua Ij^u^ L)V £ Lt3 SJL>JI oj-lb Sjo. oLayLdl 
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.<LLa iij-^>J jl (jj^^ tfjJjj! i^j-II ( _ 3 -UsLjJ! ^jjjjJJI 

I jut (<uJ-2j LulSJj LLaLajjfcl jLjL3 £_ajJ3a-U (jL£ jJii 

( _ T JLc j i a ■ J j i"i I jj! <_ « -w I La-i njj^LJ! jo_Lc sCuJL>J! CjLxj^M J-^J 
L*^ Lfl) Juj_«-j^ «Lui/l ( _ ;r 3 J-^C I CLu£ La Ij-uSLa . . . j«j>.jJJ i_<j£ Lt (^yXtrj-lj-a 

dil j J^L>. oLSj •• I jj' a ^LhH" iL -^- a '■. '11^1 '"mIU 

4_j_£, ^3 j_a_i Sj^LaJ ! Luj 4_j IjJ j-ijtlu V £ 1 o U 1 1 Cj Lax^J 1 j 1 se "i a I jig i ( <•> 

A J j ui VLa^ (^Jj V Ij-A L)JL^>- ^ Lul Jl£jl (jl LaLo-j 

La (_1>«J • LJL>. Lg3*.^l us\ I r* i t^a-i (j-oJ-J 5j-u^ t JLLa i4_ajJLl jj^t-lJ-^-Js L^LHJ 

^_a_l i ^ r JjJLl1 ^£jLoJI jJt£. ^LalL&VI J-JJJ 4_aJu2J * iLiSLJI 1 JLA {jj^-i (jl 4_jju_u 

.(jU~(inU <til!j .. IflK SLpJI JxSlui^aj 4^>Lc ^Lt 

. . JoJLi-J . . (J^L>- ( _ ;r 3 dJj^tjj (_£jj>. V!j . ■<■ i^j <tcj_<j/ 4J I J i eaju 
. . . jj k i 1,1 J-±C- • • lS^L'J' joJL«J! ! JJt J^i. jJ! (j-a (jSLalll ( _ ;r i>.J 
. . <_Ll^ jj- 0 4^ JLt-aj j^)^- 1 * * ^' "**'" iy-^- Lti J * i c-tjt_i 

. . . ^jtjl a i nil j»!jj>.^! (j^ 1 5^.jjILaj cLlILo. CjLcj^i^a ..diSLt 

..ijjaSLII 5Lal jjil «U JU>. V ^L^ujl 
LuLo. ( _ ;r 3 LJ 43^jLi! CjLal i ii U a CjLcj_<jJ! ^mii ^1 
^jjjLlSJ CjI JL>.^o^ . . L$J£ LjjLaX. Li ijy IL>.j Lu! j '< < oj . . LLul ^alu 4jr ^i-i (j! 1 nlr 

. . (jj^-II J-«-C J-^J . . j»Lc (j^jla i_aVT 3j_Ju£. SJVjLi j^-ii tj^ l -r t:: *^ 



18 



..3JjL^JI - j i a II i uj j^i (jl LjjLSLal ^Ir 

4-LLlj joJ (_gjJ! (_f J_tl ^1 J i a] I j I La UJ ..j^Ljijj ..j^tjj (jl Lg^lc 

. . (1)-° ^ M ' M 

I jjjLi^. LuLa . . jjjl>. ^Li j I La 'j (jl LlILlJJ . . LJjJLkJ I 'i-r o i a liLa 

. . «G^,j)jj . . (j^£Ll! <L»La£ (j-* • '(Jj-uXI (jl_4_i^/1 £ dtr»o _}JljILi I jla 

■ ■ »l g i nil (jJI jJLLaj I <iK 2 j gJVI SjJLail ^1 i iuVI Jiitll g. i a sejj 
. . JjslSiiU jjj i imtlj a Lkajj I dJJ jj . . (jLx-llj . . i"i->. LaLx-l p 1 1 n" i ujj 
. . 3jJL>. 4-«SL>.j . . Sjijj ( _ ;r 3 LuJI ■ La • j~ (_^lll jlj-<-u5Uj 
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dllji 

4ji^ ui ill ^tjjLj (jl (_j^>* * J-iJji ^lLuj L^jI Jl>. t 

"J J ' a a C *- J *>^ JUU'^lJj^ LjLl JJ-JJ La ( _ ;r l£.-L$l^ 

Jill JL?-**( ( w a£j V i ijr l^SLI1 (J-^Lo-O (j-° 

j!j_<j/^Li «(_,-Lo JJi^ Cosmology Q>^-" <*-^ 2 J 

. LJ^>. g I LeaAJi 

j<ujl1II (jLcuj^l jlkj Lojj^. e^jl£ 2lj1^xjJ1 liiij JjiJj 
d-°^-y Tj-j_3 «uiiAjLj ^LJ »l n < nil ^1 
(jL^ i3jL£L!I ^Lu^I gj^iej o' <J^J '*LJ 3JLJ 

(j! (_Ll3J iSjjUjJI j»lj^.VI (jJLc »l o < ,i^l (jili! JL3 

jn 0 Mill I j -1 • "J JJ ' tj? _tJt_ll (jLs-l^/l 4-£.JJ <— SjJLJ 

>LaJL3j Q^jIjLII 4^jj La diljLl Jig uiJ (jrf ' ' "H <-3^L) 

23 



p i jJia .4_<2_iajJ1 4_j£LLi]1 _}l_t-aj^1 (j»a (j-uLi_ul (jr^- L&J J J J' 4«\_LL*_a 

jjt_ll^ ' ' a 4j^Lj (jj-IJ i ^^'lj.3"^ p J**' i i ^LajJljl (J^jJ < ^ 1 1 

(j I La_j a Cl^J t-jljJLal dJJi (j-ljljs (jL£ ip^5e_Ljl I JL& j j Iaj LaJiJuta . 4JLmll 
Jtj|_«_a I g-L>. I J-J Ij i j <LlI JLjj>JI (jjal^j C^e-i ^1 IjJ-aX. p-g->l L»£ '(_Lj-^l 

(j .I g ."ill ^1 » i"i ■ Uj ^ , uS isuSLia LLs^-iii L^iajj L^jjLac ( _ ;r a Ijjl*3I ijjal j-aj 

3-Lmll (jjs (ju<-a ja^Ia jl iSjJLa^s CjLajl (^ (^jjJ.1 A $ty (_,ie. 

(-;r -Aj Zodiac £jj_jJt 3-S-taJLa <ji_<_iLLi 2 t^SUI ^j^/l j j i a « II j_Laj 
"J J 1 (_>"< uitlj i Lijl j c_<£l jSLJIj j j ^ .1 1 i"itl =ua _j3 (_g jJI *° 
I jukj lEcliptic ^j_)_jJI ^ o i n j ■ La a. I r ka ' ^ I j-* 1 *'^~*" (^ 

Signs of Zodiac L>.j-i j Cue (.^-21 ^l p ■ ""±2 I »l a . .ill J^s- i aoij U Ml 

. p-Lrc-LiJ I Jjjjia (je. ^ ^.T'J 4aj-*_a L$aj-*_] 
^_La-ui^a (_p3j^/l (jl (jjljJ Ij- 1 ^ J-<ia Cjlj_illj 4l>.J <j-u Stcj-tl Lai 

r I . '^1 Allj cLjSlill 4j2JI ( _ ;r aljjj OuL^ JtJia p j i "JJJ iJj^VI *ljj (j-ALcLi 

Cj JLitjl Jia ^ ^j?e_lII ^* l CjLc ^_aj?e_a (j I p^li_iJt_a p^J Cjj^_t-£5 Jl^J . iJT jL^j^UI 
JjJ2 ^^tlll (j! IjljJ 1 1 'jka cLoLai (_gjdL^ Bootes (^IjJI JSLJu 

j-j^^/l aLj-L^aJI (jlj i3x.Lj/ (jjj M.r j ^jLa Polaris w j Ustl j&j*JJI 
i_i^l j£JI La I . . ujjJlII t-ijJu (jl (_Ll3 »l a i ntl jjj (Jj-^l (j- 0 Orion 

SJI^>- La Lie. I tjjL^ i ^'a-,-,ajtl tiJJ j OuL^ (^ylll-jj^ijJI Sjl j i nil 

Ojl ' aa iciliaJI pie. i_<Il^ Lg-Laj CjJLia « LaJLaJI (j-a j_uSL!l (j! V 

^Ul ,.,-,< II 

Lujia lilli ^LlS Lalj i ta i uj»I I) a i nil ^ a-AlaJ t_)Ll^ ( _ ;r a LuJI i.'il ir-ij 
. <i ^ . ,.lAtl ^joJa^La I ^Ijl J (j-ajJUa jt^ , ,.jT ^_a 

pie, (^jjs I j a K" (j^j-H a A , ,.\l At! ^-yj i_ajjtj (j-a (JjIjI (j-* 3 (j-^^ 3 ^? .'**' *iJ 
o}LJJ Jj^ 585 ^Lc iiji^ ^jJI 0 ,ia Mitl iijni<i i^iJI i.. 1 1 h «lJI j .i'IIi^II 
(j^a Uj^>- ojLa-^a Angular Diameter (_gjljJI ui tl j-taja ,j^Lii ^La La^ 
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lijA^9 Leu as lSJAJI (oJLc 



(Jjie_i£ 1 1 j Al-^. sLaj>.QJi! jLJ! L$-La i^jJ V'J-'" ^-i^ 1 < 1 ' ^ Lmi> L^'j^ j^2 

(j ii a i"i II J-jLJLo j i all jl . (j^jV! 2 r ijj£ Cj\-pi\ 'Lloj^ ( _ ;r 3-Qala^l-3l JLujJj 
Jloilj i^jVl JJi ,j£. jjLj iiDj (jic >l_Li A^UaVLa 1(J KII t_3j i .i-^l jLlc 
J*C Cjl j ( _ ;r fl> jjl (jlsj^/La ijJLlI! £-Usj_a jl^ I i j a Sj-j^t" i a a 3iL>. LsjIj 

jL£ p j ^ j *l ^ « jj £j] VI 4 L^jljI ^jj q h a i"iILj Jjjj-cVI ^1 a If pj_&lj 

dlli (jr^ lj a-mSj . i-S-i^J I a i -»j ,3jlJ-^' oJ-fl> I j a i -«j 

dilij Jj^l j 1 5 II (j-o »l a i ii II £-11 ■ plij iMagnitudes jIjlJsI 

jJ_2JI jj_a dJJj (j-C L^_ll_«_l J-fl-J (j^J'j (j- 1 ^-" J^-^" <j-° ' " ■ 1 1 j|t altl 

• (J-u-Sl I nil JJ-2JI 3jlj_>J,l (JUlILi 

4_jl_«J. I r J-a-TLij V i3_jj_JoaJI jjutll oIjj La£ ijoja-JI jL«l (jl 

(j^Jtll d i i n ill,] jcj?e_LII jL*J. jl jJLaj i Lt£. 0JL*_1 JLajJU La jJ^aj w 5-pL>J1 

l^gjJI jl < a I II jl f r VI ji-Li IjLiij i(__;j_4>LtaJI jJ-2JLj ^ a . uj 3jj^>J,l 

w ^^"^^ cLjLjlL (J-ojJj ^cj?e_lII d jlr j-^Iiaj 

(jj: Jj! jj* (jM_dl Jj^ 150 j»Lc:) (j^^i.jLjjt (^ij^VI (J <UII jl^ J^j 
I 000 (j_a j-5-^l p ■'"J ' aJu-QJ '(* 5jj_fl>LlaJI jl JLS^/I j<u ' (JjLs- 

(j^il j ii a J_aj Jj^' J^ 1 ^ (j-uoj-jl n it jiejl i^o-so 

jJL>.j! (jr^ * I JLjLj-u jLt-aUl ^a_u_u-aj ^£ A L^Jj I 1 JLA (jj-a-JJ (jjjjL-aJI jJl^JI 
jjSLaaJ i4-u-ul i n-»JI Sja JLJu 4ji I j^. jjoAI I ^1 ^J^/lj I Jl>. 4jaill 4jSLiiII j-JaLtll 
OJJ ' (j^-4-i jc->»J CaA> I (J-t-^J Cy^" ^"j J-*^' ( ~ '^'"'^^ (j-* »1 aWII 

'OiJ ^JlJI j^-^J' o-'! 

j-u-ojaHl p j * rt 4jjL?e_a ci a i nil ^jj>.i 3j^_t-£5 ^Jjj-^VI »l air Ltiajl p_*_ujj 
(j-SLLUI L^_La^l (jH-ll 1 SjiJ "~* 1 1 oJ-fli i." i t i <i j I j 4jjl a i nil aIjj>-^I CjI^j_>>j 
jjl iPtolemaic ajlU; ^Llaj I ^jlr (jj^LU'j i(4jJ^Lus 140 sLuj/) <_>uj-aj 
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. (j_ajJ1 (j-a Lj>^ ' & 3 JjL_o La ill £ JLA C.J taj (ja£Lll j^j-a ijr A j 

IjLc Lo I j I ^ 4-jjl a i ntl i_i!j^tlu (jjjjAjiLaj ^LLaj (jr^J 

dJj^ejj (_£ jJI jjI J-!l lillall ijJt a j j i i fy SjjI J (J^^- i-£Jj^eJJ ^Lila jjj_tl t_i^a£^3 
7>j-a JJJJ 4jLu/ 3j 1 "J ji>^'j 'O^J^' (Ji_5^>- J^*-^ (jr^ ^ oj^j-a 

Lai njisjVl J_$*. . iuS jJI jljJl! JJ-^ LajJ 687 j i jj| jJI Jja* 
J*C i"m jL^j.jeILi^-(j ii a i"itlj (j-U La jL*ja^aJI jLj£jSLJI- JjLtaX.J 3j_ajJ! 

^j_<j/j^a • La a. w I c p-jLa I i j * a JSL! jjljJI illlaJI j^j_a^ 'J-i-f 
^Ijjjlj (j-a JJal jJI i 'II rill J_a^- Jj-^ 1 1(j 'a J^J t(j u a i"illj 

La J if 2 j i n'Cf 2£jj>. jL^aSLJI tiJj^tlj I j^Jj I jiil-w *IjjJ! ^' i aj <j-G£j_>JI 

oL>ol ^jls LxjI i a j j » 1 r-i j ijJ^La I ( _ ;r a jL^j^xILji j 1 allj j«< i"itl Lai 

I j <*M jl (jjjj_a_<lLajJ (jSLal a Lta.ll I ! JL^JJ i L$l^ <_i^^a£LJI CjL&LjoV (jj^LtA 

t_t£Ljj! 4_LSLIj i3j_j_l^ 3Jsjlj ^jjs-^/I 4jjI a i nil ^Ijj>.^/Ij t_^ljSLJI ^.Ualj^-i 



-iLi^ajl idiiill pic 4_alaiia oL-ulj.S 2-lL*L>JI t_j^c (_£jJ ,j£j pj 

ijr 5 p^jLaaljt-a (jj (Jj t g| j nUtl *j j a. 2 I (jjjL_ul (^^lc ^ ^^-'- u3 

d < j i U ^1 S^LdsVLi I J-A i L^LtLajs dJ^L^i! p J ■ «" (j-a Lsji. pjtj_uj/ 
(jL«_al ^1 p^JLSJ Lxjs 4 (_)_iJLJ ( ^ p^aLii- ^Lal p^jj/^L-vj *^L>JI ^ p^jLo. 
.S-ljLijJI (_gj < ui I L^ L^J -1 n ( .i? jLlo-!j jSLIIj (^ pjljJI j La III 

(_gjjjjl >f»^II tiJJIi i. . j i iU p ^1 m'iV Li jl>. a i ntl plj j*-^t j »aJI jl£j 
4jl3| jjs j_JuJ 4 i~,t itv JlII jLil sLil La^ iS^LjjJIj jL^iilll (jja 4^>-ji pjalill 
(jJj_Ju£.J 4_uLaj ^1 (J^ ijj^/l 4jl£_a ^1 <GjlaX.j ^»o^c_lII (j1_l »l a i ntl ( _ ;r 3 

.SlaK 4_jjl a t n 3j^l-^ L^_l£ ^Jsa 2 1 La^aJ 
1 1 a i ii^ j^J u»cj 4jjL«j SjjIjJI lLIJj 4_lL*L>JI ( _ ;r 3 t_!jj(JI p i u°i J^j 

. . p i ..q (^ Jj^jIjJLI J-^-LaJ La^ J I ^LaL^ La I j t a (J£ J-«-S-I' Lr*^ 
yjs. C.t-u.a-1! 4J3_La ^1 ^jjt Jjill 4jic ^j>- I aK j^l i .ilLi A j uil I JL* ^ 
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(j i all JjLla) i n^Vl dJJj ^JL. IjJiilai I jjj i^L-uaJI 

(jl^ dili Jjljj ,„VI j-jU^-,^ Ljj^j Li£i_jjj<JI JiJt£. dliil! JU. Jib 
(j^o J—*-^ jc_£L_>J1 jcjLc.} dt-j-uJJ 3 J_i J_>JI CjL>. jlaU 1 g 1 A 1 1 1 ^Ljj_&1 

^^ic j dili jjl VI i^^LlILi LoLu-ifct i_£Jj? ^ pa '<i«.t o'j 'U>^ 

^JJ SjJiJI jjjs .J i a j 111 dJJt (JluL^j tdjnUtl t_ijj(J! ^ ■ a j ' ( _ ;r 3 (J_oLcu j^laj I Jj 
SjuLla ^ i_k.lj J£ (jic- '"Mi- 5 3jglr 4AJ 3-ujjJI SjJJI j i^I (j' ^J- 5 

j«-SL>J! (jJjj Laj_uL3 . L^jLSjIj I j~ i "lj ' sLuiLlI! iiLaj^lj <"<tjjt%*<tl iijjL>.| 

(jJI joSLjJ! jJLa (Ji-b L?b 'O^^t!- 0 775-754) j j i a i 1 1 j lit-v 4-ajljJI 
liJJ jj jLli-La iCjlj_oJI j^-i (^i^. jLuVI 4_cjJLa (j-a VjLi 3 JjJL>- d n i<iLc 
» l^LIa ^L*-!! » ' " j ^ 0 lr j^j-o tJuLJ i <<tt ^jy^-JI _}l jJu cLuJLa 

I jjL>.| (jjj-II *L«JL»JI (j^o I j _i j ^ IjJLc. «_la^. nJji-V! Oljl LaaJI 

(j^o (jL^J i4-j_aJL»JI 4_l±Jl>.^M £-».lj_tl Cj->«j £-2j La Qajjj>.jlu 

Jiju La-i3 t_!jj(J! 'LSj^- (ouLtJUjJ!) A ij i ill lLLLoJI jak. ( _ ;r 3 ^Lt jj>.j_a L^q-Al 
I r j j i n J LuiIj-j_1 i<CL«^>.jj CxX-l (jl J-»J ^e-J-ca I (_gjJ! i( J-lAJ i i nil) ^1 

.^j-ajJI jj-a tl)J^ ' axaj J_La * j^jtJt tiliaJI ^1 o lr fibJLA 

Cjl_flJJ_a g| i n a d ^j^ — II ^jjs jjt Jj : I JU>.lj LjLj£ ( J-lAJ i i nil) j 

(jj jjl t_!jjiJI »l nUtl (j-oj i J^JI lilLill »l <ilr t_<J^ Lo (Jjljl (j-o slL^iAla 

^jdl i^jlJ-aJI («_i_itlj_il iiiiioJI («ltj Ij^LaIj (jlL4i j ; i nil) 5u^>-jlli IjjsLa 

d I n <" i ii j t jl j Jjl ^JLcaj j»Lsl3 Jj^sjJI 3j^>.Li 4jI_l«JI ^1 I i aj j «L>«jl 
•.(jlajJlJI ' La 3.J Ot^jJI ^1 " i" i l_i^ljSLIIj ^^*_l!I ^Loijl JUJLajJ <_Jjjl1I 
J-o-kJI) t_iLl^ Lg^a-Al 4_i£LLa CjLoJJjs 3jLc La^ ■ . iVj la i uVI ^ n i ii Uj 

L^jl (j^i.jJJ.1 (_>^a-»J I j *«* JLa ' (■ . »Xj ^ ' "^0 Qe-ta ' ' . 'Xj ^ ' ■' 

cLuLljj cLai^ L$j| (jj|jj>.T '(h- 1 ^ fjLlJul) sLuj/jLoJI 4 nKII 3jai.Lo 

.^oj?e_lII ^_uILa (^GJL>JI LUl^ ijr 3 ijr utXlj i(^a_jJjJa_*_ul) L^i_t-at 
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Jll^jJLI 1 JLA jj-C Jl9j tOi jJI LlLl!i ijr 3 ^ A 1 1 ( j_ a _uj ijji^- (2>J JlJu_u 

jL^sjVl lilt C^il£j iiillill joi^ jjjLj ^ 

( _ ;r i^. £ Lu-j1I 4jLoJj-a (J^-I (j-a l-lSUI I JJt 4-lLc (jUa! JLSj 11- 1 * nL>JLi j j^j i"itl 
ijLgJjl «Lij| cJsjJ! JjJiJO 4ijjJa (Jioi (j-o (Jjl 4j| Li£ i4jSLiiII C1L1I i n-»JI 

4_o_i_L>JI JLg-C j_i^-Ju (J 'Cr^ I 1 eaj I tiJLufcj . 4jSLiiII p j 1 1 -i c I <_sj_*JI 

dJ-LoJ! p I r I j » ■ '— j (jr-^' *JtH^' ^jLoIJAIj ' L^j ^ cjL-uIjJlII 

ijr II pj>.jjj t^'J-Il '(^3-*-^ f*i^ ^^^-^J 0 i nTI CjL^j->J1) » )Li^ 4_t-aLit_ij 

(2>J lXjus^jo 4_UI Jij£. J!lo t_jjj(J! diiil! »l <ilr (^^c jLjJLkJI ^Ijj 

«uLl^ dilju J^Ajj ij»LoV! (jJI 3 j<UII 2 .^jMI 4jbt£: I^jlSJ (jjjJI c-JjjlJI 

cj Lc j_4^>JL ! ^jji^. 1 j * jjj" ^ J j ' ■ 1 4 d a I" >i 1. 1 ^ 1 ' 3^ 
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4JLjJL>. (_£J-lt ■ la i ojJl (J^>. 4_ul£La aj-l J**i < u a CjL^jj>. ijJj^elLa isGsljJal 
SjLalLa (SjLa) SjLc f.\ ■ V» * 1 1 (jl dl! jj jjj Jj^aJLj i((_p3jVt j^j_aj J* i nil 

^^pajVI La— Llj ij-^>«l (jLSLa 4jr JI «ljL£La {jja ijj^tjj ^jl (jj-i d_ LM _^i <J^>. JJ^- 1 
frLtt-Lc (jL£j • (J^-SL1I j^j-a Cr^" L&j^j-a 3 J *— t rJ- ?e - 1 ' " ' "J^ Cr^ 3"* 
^Jt ij-u^/L a ( n La i^j^SLII jj-a LfJ^seoi! (jl (jjL)" 1 * 'J-*-^ tillill 

^LcJI «j^>JI La! jjT 3<j,,ill j£LII j ^>=n-iJI <U£ ^£ La 

CjLoLv (^Laj ^1 ijJj^tiU «.j_>J! ! j a 1 11 , , U , ..jtl ^3 (jlaj^/l ( _ ;r lc (_£alije-L3 
Lai il_ajjJL>. ( _ ;r 3 dJj^tlj 4_iSL!j L*jjL*ij V Ljia ctiLtj <_i£j£ ""'**•_' 

LjL>-jJ ((_L»j (jyJJ jyll (j-" 1 ) S-^' "J 1 ' "1 La ^1 LjJaj jjj 

i_£l jSLII (jlr (jlU? liil jjj 1 Lgla-i uj j-23-L£j£ L*jjjHc! 11 a Mill (jl 

,3 1 Ul Ls_Lj-i (S >A}J!j >jUac j j_a.UI) 4-iiJjJI 2Q>LiL!l 

Lj-C Li '— j I (jl i<CLlLiiJ! l_j_?lj£CJL j»a_*_L!l d j a 1 n"l <_ i 1 1 nil jj>.jJJ 

(_£j_i.VI <_~_CI j£!U La-Lu ijiL^I jjj^j * I ■ a « J I J ■ a « j I d j 1 nilL 

^a_Aj . aj i H d 1 1 n itL jl LUajj I ^ .t d 1 1 n iTL ^I^oj-o 4jljj-*_u Cj1^jj>. 
IjJjljUj-oLs i L^a£ ^^j?e_lLI d 1 1 ,1 itL t_d^tILa ^Jt La 1^ i"ir 1 ^c_u_o2jJ! ! JJt 

t--<^l jSLI! 4c jjjjaji j a-2J I J (j 11 a i"itl I ^ii. jl La_Lu aUII jl ^ 1 n-»JI 

.^uLu^ll 1ju& 

Constellation (5_l£^£LII) ^ . ul ^j^aJJI 4cjjij*js (^JLc "-jj-kJ! (jl^al 

Ol 4j>-L>. jJ! j (^JiLjJI j J^Vl t_JjJI "L^jSj ji ir^Vl t_JjJI Jla 

4-a jir"i i u a olla j Su^Vl cuLiiJ! ^Jl ^LujJtl! 
J^i!! j Fom AlHout OjjJI Betelguese *!j^j>Jt Jajlj Altair jjLUJ! Jla 



29 



(j-u-ia-j (j-o^vjJ! Jlj-c i ( _ ;r jjl3LiII j i^ull Rigel j_L>.jJ!j Algol 

(j n a 1—3^ I 11^ (j_uja_l (jj! J-t-^J ' vjjJJ J ^ (j-\_j£Ll(l] 1 Jl>.L^ ' ga 1 I 

JjjlLJI jJI I l^jI i4j^^Llo 978 ^Lc 3j_*L2J! w '« j -i^tl tijinvj 

4JI i" i"il l_uL>. (^L9-(_ 3 _cjj(j_2J! Lai . (jjjjS Sjju ^-JLJL>. juii JlS (jjSLj LiiLuj 
l_£a-Lc Q^SLII p 1 .i^j illlall plr lJljJLIILi Lii«-a (jl£ jJia-« LUaJjJLi 
clilj! JLoj V^' 3^ (j^ 0 *^ n 1 " ^ Li (j I <"j La (_£aJL«JL> J^Sj 1 La ■ "J 

^jUjfoXlj £ljj-Uj 3j-AjJ! ( i^l (j^. La^ ij-a_il!j jnq ilitlj Cj1j^?e_aj 



11 6 j$£ 

1 Jljj uig (jjjjLcaJ! (jj-oll I jjiLc nj-ujjijji dlls air 4jtjjl (jSLa-i 

. (jaSLII j^j-a (_pajV1 (j^/ cQjLoJI jjjj j_a_jlia_] Sj^Ls (j_a j "■<- 

.(5u.s}Lui 1543-1473) ^^SLjJijjafT Vo2^ c ,<l^ll i_J^ 1543 3_L^ 

a 1 ntl ^1 1 n-v^fl o'jJ-O ^^cr^ t-uua (jlr Lu/ij 2jj la lit eJJb 

j_jLu/ Jjj.1 (jl (j-a (j^-ajJ (_^>- J^J 'j^J-° O' S-^i O " " '" ' ^ O' 

(jU^/lj j-iijo^l 1 dlaJI »l air t_ij^>- LajLtcj . -j • ^ 1 1 ■ 5jLi.mll jSLII 

t_f^l ^SLII ^_a I j < 1 h-wj ^SLujjo^ CjLlUsj-^ 1 j ^jl i^^Li. (J*s <"i 1 

Copernical "J^V'J .'J 6 " f I o' S-lLsjiJI 4-o.LJ! ,j-a IjJl>-j 4Ijjiaj ^Ir «Lu 
i3Ja.j jj L^l cjIJ j i" w ta * .(jjoAjiLaj j»Ltaj (j^ 1 Lai j3r~ i »1 (J^^-u I System 

. LaLaj SjjjIj CjljljLa 
CjLjj/Ll^j SjLjJLc t_!jLrtlI (jl i^^cj g| j a Ir 4jjJaj (jl C^o~j 

joJ . 1543 j»Lc ( _ T i (j-^J^ LaJLi^, (jj, jSLuj_ia£ (jl V! .jlj a" . 11L1 jLi^jjl 
IjLA iiiiljj Sjsj^LI! (jjs Vjj Ijj^sj (jjj ui£.J d . j 1 11 (_£a-<-u 

jJtS J_2Jj . Lg_S-j-m Lxjj j_Usjlj jj- 5 ' (j 11 a i"itl 4jj^j_a (j^, <GjjJaj OuLCa 

Ijjj^jijj(j5 (3j-5>Le 0 1 601-1541) jj ^jLj^j^IjJ! ^UJI JLa^V 

p ^ i n i" d ^ ■ a uO (^_aIj-j jjj JLoS (jj. jSLuj-ia^ 4jjJi_i CjLuI Lja_o* 
(_^j-a-ilj (_Lu-i (jjl (jL^ JLoS 4_i£LLU I jL^jj^/I p j la '". ^_a Lajjj LaLajjijI 
.,_Laj(JI (^ic JJJl^ >L) 4aLL 4J oJL£ La^ ^jLaJjJ! iaLalll (jjs 3j_u£ 3->-J-5 



SO 



Leu as lSJAJI (oJLc 



^1 ( _ ;r jt!j_i ^sjLLi Cj>L>. i4jjjJl!I CjIjL>.^/I (jjs d 1 1 ill i ii OuJLs- Jijsj 

jJjLa (j ii g i"i L! l_Ljjj>. Laj i j u»c <QJ15JI illLLUI 

i ( Lajjjjjjj/) (ojc-l! ^IjLa IjL*Ai! »l g i ntl (_£ lj (j! 4^.lj L«£ •jjVI ^JLj t ^ • aJu 

(j-o («^*-JI I Jbu u-lSj ji-LS i4jj_JojJI 3l_o- ( _ ;r 3 I JL>. J-iLj CjJljJ! I JUfcj 
cLo-LJI (j-a LiL23l j^lj j-j^ I A-iSLLa Sj^j-i ^ o ir\ cbl Li£ i(jJ-a SjLc 

4 j I r (j-LUi S-J-S^Lua 1576 ^Lc (_y3 lj_i^sj_a ^y-fclj-J <_ylj JLS J 

^j*_lJ1 jj^jLlSj 0^_ijL*_«j JL>.i JL9j <a i nil 4jlLs) tfLuLAj 

3_oj!M-!l CjLjl_LiI! <j1-»-aL>. qJj uic (_yl^ JJ>J »l 1 1 ntl (_y3 J^'j 

^Ltki!l) (jili I lilJlj la i-l (j-ojj ( _ ;r &lj-> • LcaAJI j»ljj>- VI J-i^sjJ 

! j_a (jL£j ijjlsjVI Jj^s- jj-^ *Lcj_«_>JU o jut (jlj u ii i uJI J_y>- jj^j 

(J^>. c_t^1^£LI1 JJ^J L a-Li t S '.{jjj^^I ^ qUalll 4jj i im JUJL>JI aI la III 
4jjJaj t. i i n~w 4is_<_ulj «QjLj ^jt VI ijj^yCjjj-j^ l5L) ' ' ii"*- jho <"ill 

»l <i I r L^j-Lg jlj 4 _ ;r li_I1 4jSLLoII ^yAljj cjLaji (jla iljut 

. j£L;Ujjj£^ 4jjJaj «L»j^5 (jr^- l)^"^' SjsLsJ (jr^ Lm 1 UJ ^ * * 

Jij^*_a sLoj^U! 4jSLLiI! CjLI i n-»JI j-J-»J ( _ ;r a!j-i ^iejLj 4jjJaj ijlu^ Jiil 
Vjj iflJ-cl i ii_t (j-UsLjj joJLc «L>-Laj q\£ j<u (j-oj 4ILr»>j JjLli V JLo- 
J—ljv jJI (j^aic uJI tjl^J ^ Lut t j£ J > uiaJI CjI j i i n tl j>jLt-£5j 1 ^J£^ C^.Lu3 

c-jI Mill i( 1 630- 1 57 1) j I j< (jL-Aj^. jjk (j_jjiJI Jj «U juj o' ' -.' lS^-II 

i_i "tja-J LajLj^. 4_2jL3 SjL^a 4_La CjJLl JL3J CjLlUsLjjJI (JjijJj (_gjJI 

(jl i." i i"t!j tfjLi^sji j»JLitljj/L3 ( _ ;r jtlj^J I JlC.1 i na j-Ij^ I J-C.J it_i£^l jSLII dlljl Juo 
(jjSLII JlC.1 w i a Sj C^jI^ Li£^ lixLj 4jjjI J i." 1 1 njl SjLj-uJI t_*^l j£JI CjIjI JLa 

j.k uJI ^Ij Elliptical 3_Lj*jliLfc! ji \ ^U"a Jj i^^SLujjj^ jti^. 



.jnO Mill 3Ji_l*_lJI 

J_y>- jjJj "t^J^ iS * ^JJ-^' o^j 0' JL^j 
5_j^I_j_JI il ^JLJI (j-o ^_*j_>JL)j i ^ j '<<- ajju c-t- ^ -a t. < < uLtjJ u o Mill 
. g i nil ^1jj>.^M 4_u!iL>. 3^9 «Uu (jl ^ ' ^**' * 

jjl-J 3Js^L«JI I a jl 4jLjji/ J_La j-L^ ' - 1 1 >j i la (jja (jl^ J-2J 

JpLiJ! <Ul^ i^jJI jjI jJI ^Lat^ujVI tillj -suite aLo! <_yL*ii <jSU t<_«£lj£L!l 
iHarmonic w Saly,!! jj^jLSJLi U^ul tiJuJI Q^jLSJI ^ .i i uj lj-#Jj i4juiu (J^. 

. (j ii g ."ill j jSL!! jj-tj Ljj_&jj>- Ij-jjLj tiJLijt (jl j-s! jJI ( _ ;r 3 (j-t-u 

cU^Itiaj 4j^Lj (j mi i"itl (J^>- SjL>.l jJI 4L>.jJ! ^t-»a i_<£j£LI! 4jgj »" i uj (_g jJI 
SjHoJLi) ^ o i ii \ Lo i3jL_L»_J1 ^j?e_lJ1 JL>. t (J-t^aj i Laj> d " ^ 1 (jr^ 

till ju iJ'C ."ill 4jjj! j Sjl j i nil <~-&\ jSLI! cjIjUjla (jU 415L2JI cUujJLJI 

O^J-JI l_Sj|J_aLjO ni <i l"l II a I fc» * 1 1 (j-uljJLjl ^«JL«-a 

.j-UdUJI 

^1 t-i^i.il-ll ^jVl Sj-JJ t-ij .^jt i( 1 642- 1 564) (^LtJLv ^.tLJU- *L^j 

L^>.j ^ ■ ■ JL>-J il 4 ui it jJI «QjLuI-joJL«JI t—ij'v i .il" (Jjl ir-i (_gjdl jj* 
0_i_u_jJj n o i"i II (jt w I c a * - ^jJI 4 iJ y£LLflJI jjjj^SLuj-j^^ ^Uiaj ^_-s <L>.^J 
jG jUv9 I 4-«-)J I ^-ti_jJL>. J-SJ . d j , ,i q Mill LlI^, ^_qj?e-a j^j-x j^pajVl 

^jt ( 2>^-4-i V ^11 j -i HI cjlj ( _pajVl ^jt ocjUj L-s ^-Aj ^^"i iftiXI tj^^ 

i_t£j^ t_j_alj_j (jl (j_SLai tiJJjL^ i4_jjl n i ii II <icjja->JU jjiac JLH' 

ii o i"itl (jjs LjJJ^ OJ-^i (j^^ 5 " 3*Uis^l J-ol^ I J j j laj 4j| jJI 
(j^L^-i (J-J t^j "J ^-j-l-La - ^Uiaj (jjjLj-ut (jj-le Laj-u_u^j (j^-S-i V 3j-Al_IiJI ^ JLAj 
jj^>. 3j-AjJI JJ^U (jU ^ i ga S - ^jJI (j^SLuj-i^ ^LliiJ i. 1 1 L^LtLtj 

j_j_LjJL>. 4_jSLiiII Cjljutl Mill aJJt CLlJlIs] J^j i(j ii n i"itl w i a all L-Sj-LaJI 

. ^jju ^SLuj-i^ 3 la tj (j ii n seltj L) 



J2 



Iju^?9 Leu as lSJAJI pie 



i(«JL«i! 3_uLj3_LiII lalll (jjs j_iiSLII (1727-1642) (jjjjj JjsttJ j»JL3 

2 aJ-SlJLI ZLa- i>iLill 3_uil«-!l jLSLaVl (j-o jLjJjlILi !_gj uixll jiLaJ! (_£>*' I jjj 

jJi.£V t j-j j ? mi* tlj «u_ojL_oJ! (_^>* ^j-j^ uiaJIj 4_UL_lJ! jjj-u jj-* - ^— cj1^_u_oJ1 

^1 i ua.VI (jlj t_i jLajJ! Sjja i ^ .^"Cl iS^iaJI tfJLA • ^"^"1 '^'^P" 

»j-LkJI ^jt l — ^-"^ 4 ^J-*- 1 oA"^ * ^ J-9 ' a 4iaLxtijj 

C^jjs ^jjs (j-uj^ (jljJl Ji-** - 6-° ' Ki^ O^Th 1 ^' 
^ JulJj ^Tu-uV I uLaj>. J_Lc ^laj^l ^Lalulj jj^>Jlj J_U C—u-uj Ltiaj t 
.^j_u^_ilI1 aj ^ d U Lmo, 4£j»>Jl ^Lj-tS (j_u_<_u t LlI £-<-*3J Ij-A (JJ3^i 

4_ujL>JI Sj^ <— -i 1 i ii-v (^yjt (jJJJ-i '"' I J Cr^' lX>^-" 4jitJ! O-ll^J 
^PJI jj ^» ,^tl j SjjJtJI JLl^JI 3 lulling ijj^I ^jj^JI I nK J^l 

jut 3_al_u3j 1 1 I j I c J-^>^ ^r 1 ^" J^- 4 - 1 'O^J^' L>^W Ur^ 

1 3Jal i .i j tl (^-3 3JI i ii U j! J^>-JJ (J*JI (jJI dHirH A ^ lhP"lj 

ojlaj*. J^SLI! ojl^ I j<jl'- Ldiuij 3jjj^ o^j*^' o' '-'.^l 
Jjj^sVI t>\ q < u ujLj^ (^yi 1 687 ^Lc sOLkjI (jjjej-u! j j i nil j-^u j^j 
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S-ij-uJaJI 3 ii i nlrill 3 j i^iLjjJI Jj ji Principia 
t_jj\ J Lta a II j idliill plr Lg-Laj 3ijJ_>JI ^jUtl <_ .lr I (jl dJLiu V 

^^LJL, «uJj ^jJI mhII o>^' ^JLilj (1955 -1879) (jrCLuujI o j_JI 
o\aJI (j^. (jlII 3_ujl«JI «IjVI j Laj>? <_aLii^l ^1 i3iaiJI 3 u^Lpi 

(-;r -al J-2-11 (jLfllii i."m i iUjI (jH-II JJJL>J,I 3jj-i^3 cJjUS ij_UaL>JI 

(j^il i 1 1 i."' t L<t£ i(jjjj_<_i 1 ' a ui^ (jr^' '^rh'- 2 '-?^" j'j - "' ^J-^J 

.3x:j^aJ!j 3£jj»Jlj 3Jsl_taJI J_aJj-o 
(jLSHI -Sj-J-2 (j-a i4 j i^-iLjj-11 4jV.iL«-a (Jj>-aJ JJ-><-i (j-U mi i_ll J^>-3 (jl 

(2^0 i^i ijl j-^-i • <j-°j^' i^lc (jjjLJI j-j'j ^\ 35^1111 tfjLtj Ij 
pJi i3 ir-iLjJl 3 j j 1 ,1 ill 3jjJij fjr&j 1 1905 j»Lc 3 j 1 . ill (j^. d k\ (jJj' 
.1916 ^Lc ^ liili juj 3jjUJI 3 ninill 3jj_Laj j^.? 

lji-JjU>. Ijljlj 1 xala. JL3 isL^L>Jlj 3_aL«Jl 4 j j 1 n ill ( _ 3 jjj_Lij (jl 

(jLSLs i(3-aj-!1 j (jLSLtl J 3_tSLII j SJsLLJI j 3£j^»JI j S^Ul (>u blajjj njj^ 

d j j mill 4jLjjJajj g| j 1 >i LjjJ 1 . ,,1'a c^j , aj jj| m i_i| U" , ,,lj 

jjt 3jujVI jLlj^I i'jJt, (jjLj/Ij 1 jLljI SjljjI j j Spacetime Continuum ^K-a 
jlIj .S-s^jlII 3J;>Llll 3_oLSUI jLuVI ^Jl 3_aL^Li j^lj juu <>ojJI 

j_fl>! jJaJI (jl Cjj!uJj i(jjSLll £ ^^ J( -!I (j a i" 1 i~it i_)l (j-u! Cj« L>- 

»l 1 a -^11 JSLZu j_Ju SjLil Jj^-J (jl i3^L«JI d ju 1 nill 3jjJaj j_a>^>. (Jj(Jj 
4jj/J_i^JI (jjs Curvature -1 < ViAtl ^^23 ^- j j a a L<Su * JlxII (j^j ijj^j^jj 4Lu*jj 
(jl£j ■ ^j-be-LU JaiJI Jj p xSj 1 ■■ 1 1 Jo->JI Sj£Loj JL>.Lj V jLtj^/l SjJjiILa 

j 1 La 1 1 »l 1 a a II Sj^La (jl Mj^sLiJI d jj 1 nill 3jj_La_i ^jjs {jQ ui ijl (jy^ 

jjt La ^1 dil j jjL>«J 3^L«JI 3 j 1 1 11 ill 1 LtaJI 3jljjJo lJ \c i-Sjjijj (^SLl 

I 1 "j a a VLa_a LaJil^ (jj-Litj >l_UaAJI ( _ ;r 3 S^LII Ja^>-J (j! ' taj« *^ JLaS 1 JjljI 
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Ijb^?9 Leu as lSJAJI (oJLc 



^ iZjIj-iill! j»jL2j SjUI (Jjl^cj i_gjJ! i^l-Inertia ^,31 jJI jjj^aJUl j| 4_ujLaJL! 
Jljo jj i ni i ^LS-tl ^1 isLj^jLiJI d j 1 1 ii ill taJLlI ^jjs £fu ut ul JjJLj 

Luliij 1 1 j . .. A » J^>. jjJj ^LlUsjVI Sj£L!I ^la i ■■ £-0 tiJj^tlj LiiV Q3SLII 

( _p3J^I £_0 H <j Mill lillljj t^J H t) Mill (J^>« ' ^ ' 1 L^J^ £*° "-^J^^- 1 

i j I II J^Jj-laJI) L-Lij^x-a ("•J-? 0 O"'! .' ' " '^W JJ ' ""' ^ * ' i—i^ljSLII 'LlSjj 

I i 1 11 0 uij I j ■ iLaj Jj^ jj d- l _g j ^a.VI olj^^^-LujLajs (jLa LjuIjj (Milky Way 



f. I 1 a a 1 1 ( _ ;r 3 4Jiiia-Lo-Cj Ij-^J. I (_^Lj£-LujLa-a (jL3 I 1 n aL>.j i^-iIaJLl I j » " jj '"■ 

(j-oJJI <j-uL<Ja Uojl I jl LuL ^"1 1*11 m I JLa i(j-aj-II 3 n 1 h'i ^ic JjJjGilj 

1 ^ A I ", ^- * ,ji_L£jJi ^^.3 ^ 1 a 5e liiljj l_Loi£j i4-uj£ 4jjL>. ^1 
^jjjLlS CjIjjI jj-u-ij LaJL^-*i i ul l!il (jy^>* ' ^ I" rt (j-oL^j (j^i^- i 'M i n Lt$_)L3 

.oJa^JI 
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Ijb^?9 Leu as lSJAJI pie 





J8 



Ijb^?9 Leu as lSJAJI pie 




U*£lt j jail 

jJa i>lj-j iiLIjJj j_jjLLl! j^a j-Lo ^1 1 gjVI 

<_aVT J_Laj . 4^JT 4-jjl h i ^Ijj>-VI ^j'^'_< £y» Jlitj! 
' ' » ' a (^Jt— 3 »l o i ii 1 1 ^jL-uj^lj ^ f i ii 1 1 

* )j * mi 11 ^ If ^Jj'r"! i n U ^j-a tjl^J t ^ i"i-wj 4_ukjj 

tt-L«JI j_iSLfljJ! « JLi 'J-»^L-»JI C^ajJI ( _ ;r a 

jl ,.„ tVI l_s_> f La ^pJI ^Vl ^VjL^JL! ^1 

.oJa^JI JU Jl^-J d 1 I I n^g ^ I £ djS £ 1 0 I lit 1 ^ 1 Jl^-**( ( n Z 

cjIjlj>.^JI ^1 jJLLalb (jl (jL^u^LI (jSLol . nt'tl 
j»!j^>-! ^^a Nebulae Qg_jl j m tl jf) j»j , nil La? 

<j-LJ^LtL> LkJJ^. jJl2j J'C i"itl 4jjL-sjj/ iSJjLa g i ,| 

dJJjj iS.J j^>JLl (jJJtlL L}ia JjlSlt VI (Jj-i V LuSJ 
f.\ t^al\ ^£ ^jLu jj>.VI ^j^* -ttj ^IL*_a I ^ L^aji 1 (jV 

( j^a Lfcj^_l J I ill d J J ' g3 I, t J i ,i tlj i(^_tJt_i_aJ1 

^o-SI j i .I tl cjljj_a 1 1 j I Lsejj cH^' f*5 :: ?-^' cjLcLuI/I 

fit_bl_u_a CjL>.^_a ^£ * mi! JLiaj jc3 g j l ga 1 1 ^""1 ) 



( j_ojJ t4_ijl <i i nil ^Ijj>.VI {jja ajaite rt ^1 ^a-ii ^-*-ul (3^^ Jl9j 

CjljLc. jj-a (j^aSJij 4jjLc ^qjI JU_o illl ' w ^ uisJ I I *j $ la rt ^3-*-" 4_iLcuj L$_Lu 
^jILso » I LtaAl b tLalaJLa ^Ltij ^Li i a LJLc (-;r Aj d It- I-»J1 4jLc 

( _ ;r ^ 3-j^j*_a jojIjljjJ! (jjSij La LJLcj i^a^e-JI (j-o (JjLfc JJlC 

Ujj>. QaSij 1 Ljii.!j LiLo-lj cj!j_>J,! i>L><jI •^•fi ^<ul ju-oJIj 

(j-o Qa^Lij Jj^l ^j-lILs i4-u£j£ jl 4-aIU-a jl SjjLc j«ut JU-u Lai (^^J • Lj-La 

(j^LaVt ^ j-^jJLa (<u!jJ! La! <aL£L!l S-Lla SjjLc oLu}^. 

(j-I^Lii! (jJI 2 j 1 11 i ILi ^j^lJJ! jjlc L^ls JJL ^pJI ^>=ti-iJI <j-a 4_JL>JI 

j^j-a ^jls JUa-jjj *j a oli 1 1 =Lu£jSLII j<u!j-<-iJI (^^J • L$J 4 tagaJl I 

I JL$J 3jLtl qVj lilLall »l a Ir jJjjjljj i3jIj_>JI Jj_ui f 5 -? 0 * 3 11 *° * " 

. L^jIjjj «Lul *j ***< 1 1 ^^cJJ! I j~ ^ I U ? ^yaJI 3.jLU ( _ ;r a i^ojIjujJI ^-_5-<-J1 

i4laL>. LjJSUj Sjlj-ia ^J-? 0 (jr^ LSi-^-^ i4j^j*-a^LJI j«jl JuuA\ Lai 

Sljj ij^>- ^-i^-i j J 'j-i^ La^Lai.1 JlxjJ! liJJj (JK i"i I • ajliejj 

JJLuj 4^oj?e_lJ1 (j-* UL5^-^ L^-La 4_o*jL>J1 ^1jj>.^1 ^ji JLu i( jr a_=*j j^j-a 
. 1 ^vjjt^" CjLoL>. <Jii-a-> ^jl JU-aJ1 L^j j g laj ^jy^II d a u >i 1 1 jj ' gaJl dJJj ^jt 
Cj I jJLaa_Lj£LJ I jj-a CjLLa ea * 4jr JI < i«LLAJ_a «LCj-*_uJ jcj1jU_uJ! jjjGj 
jt^ jiuJ 1 ,1 || d ta 5 ' 4jL3 liilj ^-aj id's 1 nLalLa 4jjI/ ( _ ;r 3 4_uL\II ( _ ;r 3 

i^j-^j-js (J^>* fiLLaL^ SjjJ ^UjJ (J^ ' ' "II (j-* (j^-J^La cL»_Uaj 4jr JI ^LL=»o 
.(Oj! JU-uJI 4j j_ujlj ^jJI (JjL^II (OJt^>JI (jJJ liili 

J^Ljcj j uij m , 0 U»tt Q^SLII CjI jo-j w j'a Galaxies cjIj^>J,I La! 

jj^>JI Lg-lic j I taj j<u (j-aj JjJL»-a^LII (^jSLII - I < A 1 1 ^^a 4£j_flILa «lj^>-l 
j«_jl J_*_u jj-* 2— ijl a lull ^Ij-jv^/I ( j-a (^-l^-LI L_sVI jj-a ^j^Sllu * ^^3^' 

Jj^>. I j . » 1 JJJG iCjIjLcj j^j^ jLtC.J ijJjLuj CjLijjLaj l_^lj^J j»jj>>jj 
CjIj_>J,Ij . d 'C 1 iiLalLa ^ »jlac 3jL>.j I j I »-*■". a 4_ujL>JI I j Laj^ij '^1'"*.' 
tal taJS )1 1 f\ Lga-aJI iJ3 _5 CjIj->JLI ^j^alu . l_Aj-jLfl_aj ..^^oj?e_lII jJ^a ^jl£La 
fiLc ^a_a_>JL1 l—aj . cLfl_Ll^t_a jJLSLtI/1 ^^,-3 ^ i"i**(M ^-&>$ ^ u^>- ^^j-^ J^>- Lajlj 
VI h_Jjj>.^/I 4jjl a lull L^alj^>.i (J^J iLtjLa^ij L#j£Ij£j L^aaJ*-Ll 4 j 1 n n i"itl 
^L»j>.^1j (JLCjIoVI cLaJHjt_a CjIj^>JLI ^jU^L) jj-a 3j^?e_a jj-a 2_)LilI ^J_ujJa ^j^>« 
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CjLcj-*_uj ^j^* « (2)^ I^-L^aju jLcLjjj Cj!j->JL1 (jl lillAJl »1 air ^* ' L$J^3 

La»-I_P L^j! ^1 (j^jjtjjj Jj ojSL!! (<i^s- llLIju j!jj_L3 i!jl>. Sj^j^ 



J^Li- Lfj^*^ d . ViAlt jjja j^JJI 4 i uiJ La LJ IjuJ i>La-uJI (^yJJ I ' » I LaJ lil 

d S j a \ ua ■ 2 * jj-* tl)^^- 1 0L)JL>.^aJ j talll LloSJ ! jlj i LaJLLa »i tJaAli 

(JjjjJaJLl i_3jj>j La IjUtJ n\ a i ntl J-j^ jCLa^3 (jr iii3 J^-^ 

l_LLcj_a^*_a (_gaJL>o 3j_>JU ( _ T jfc w 9 Milky Way ^LljJI <3j>1= J* (j « jl Tl 

. ^«-><J (Qaala L-flJl) (jajij I 30 ^1 _oa. ^1 "isl-Us'^Ll 4 J i u a ."ill 

jj^a JjL^JI ^a^tlll I jut ? 1 1 a c 1 3 < i n"ll t_i£!j£LJt (_^Lij ^ n « mJI (jl 

J-jJLaa j_£j_U i *lj a i i i (jr iji3-L>- J I (jr^Ij-I O^S^ (J^-" '-"-> : ? J1 J 'fj^?-^' 

4-SLa-mj i4_ua-U3 sLuj/ i_kJl 4jLa ^1 0jJ-i3 £-Luj (j-C^L>JI JulC i *\ a mil 
JljlJLi 4_aLx_cJ! ( _ ;r 3 jl>.Gj i4_uox^3 4_u-u 1 all j u*£ 4 m^. ^1 j^j_U J_t£. 

.(>G^L>JI S_o-L) (jJJ i^J^jJ.! ajUll Ijufc (j£, 
4 ! i ii i_iJl <j-G^Ljj 4j^Lj ^l^*. 4_sLijiji ijr^ d J "Jl 3-Cj-ajJ,! £-2jj 

"i I "t J-t£. mJ| (jjj_L>J! jl <_Jal!! J^>-l Sj^Jt! j^J-a (j-a ^ '^iLujjJa 

J>Li. IjLa 4Liejj ^jJ! (_y*AjJI JajJI lillj (^Ic 'Sj^>J,l iflLs- (^Jl jjjJaJI 

.jL»_>Jl j^^j-ill 

j-a^/1 j i^^j-la^LIl jLiJI <■ i sc i hi ^^^^ji-a L(JjL?E_a j^j»aj Lul£La P I Lea-all^ 

, " > 1 ij«./ii i looHi-a j-at I j ijS^JJ Luj^?e_a ^J'C mi 4^jjt»a LuJ^L?E_a ^Jjt^t_l ^jJl 

l_Lil ^1 "i i" i .ii i4_lj>.jL>. Cjlj^c^a "ijjiljjb idlLill »l aUt (j^Lal (jSLIj . <LaJ». 
^_a I j .^1 ^j>. (^jJs L^-ll uiJ 4 L^J p i ..lj a t^>jt 4_j_JaJ 3j^?e_a ^3 ^"m* ) 

.Mj^kVl a^J^i ci| j^X\ 

^-ILajJLt^ i_JiJl 4j Laij^iij cLaLji_a ^Jaju i eaJI) 4JLal£^ 4_Ltu jJ^L>- f j i eaJl I j * La a i j^^jJ' 

.(3jl>.| jJI 



n_aljJo^/l i—kjijcj j^jJLl ( _ ;r a i ii j n i .I i^^jSLI! jLiJIj jLjAJLi Jojlis-a ^j*_LJI 

CjL*_a_r»o jj-a Aj^SLa Luj-Sj (J£L*^J1 4j^j^ 4Jl_A JL>. jj ^JjL^JI ^^^jJiJI I JLA <J^>*J 
^jlj-Jt^ (J-a-*3 (^j>.J)j JLl^JI jL^. jj-a 1jt^> 4 I'y-l'fc-a 4_lLrt_t_u jj-a Lxajtj 4^j?e_l1 
.S-Uj}-^' fj- 3 ^' Ur^ £|jL ^ J i L^j-II J^pJ' (SljjJI) j^J-a 4-La J o~ i n_l 

t_t-sc t ii jjLSLo J_jJ_>«j a- 1 *>j ) i aj (^J-ll .-<! , >■ wtl j»_a^e_cJI «UjjIjJ 

. Luj^e-a £j ( _ ;T jj|j_L>JI i_ij£_pJI J ■ V.'al Sj^La 

III mi II 4*$«A*I 

^a-tajc I (j_a LoljJ i L^^Lal d j i ii n i"i II jjjjca V^' 3^ Jr!-*-" Ol 

1 1 LLlcI ^Lal n" i ii a A X. LaljjJI tfJLA (JiLo-lj J ui 1 1 1 43jijjlU CjLaljjJI 

L^_Lu ^j-aj~^ * ' ""ill < i^l^SLII La_Lu 1 ".j\>^ jj^^- 1 (j " " '"'1^ I 

. 3 Ji£,L_u_a jlj.it ^J?E_4-l- LLUsj t 

J_aa- oljljLa (^Jl <bc LUaJI jLviaVl (j^-M o' ' "J^ OjLhH^-I' L?'j 
^^Ull 4jjI o lull ASLLoJLI aJJt ( _ ;r 3 ^Lju'^I (Ji-jdJ 4 1 t's>\ jUa 4jl Jj Jila-i (_p3jVI 

. (Jj^Ia JLai J_La d jlf 4_aj^t_a CHul^ 
4js.S (j i aStj £-fu yj> i»l i a all i u a <Ug.Lu.aJ I jLi^VI (Ji-jG (jl Laj 
^j_iLa Jj^*-a (_J_La (jjs (jl^ (_g jJI ^L^uj^La i4_u£jSLII 4^j_>JI ^J-Lil 4_iSL4-a 
j^)^!^^ j i p I LaAlJ 4_u_oL_oVl (j^- 1 ^ 3-^-1 L-i 4^ JU jc-l I La^JI ( _^sjjlII ^^^1^. 

. <Ll ^_j-aL>. ^_UdI ^ILa J_Sj jj-a 

Jjj. S-^' J-SLII o'jj- 5 C - ^ 'L^-jLi^ll ^J^J^-J (j i " n i"'H AlJaill j_L«jjtj 
I j i ajtjj i ajj d j->-jljl itl t—i^l jSLII CjIjI i ii tfj ii g i"itl . . (_gj^jJil I j i >■ I 
cLseJa-uijq jjlj^ L*_a i^j n o ilill (J^>> L^jIjjJ i _ ;r 3 ( __^aju ^t-i iJ^-a-i 



L^_iljjj «Lui LajjUcjs ( _ ;r l^. (Jj^j i3 < i ."il l L$j£l j£ (J£j (j . 1 i" i t l (jj 

. (_^-a_aLcj c-uj-C (J£L*Hij «LuL>. (^ji^. ^-J^J 

(^tjjJL!- ( _p3jV!-Sj_ajJ!- jjLLa^.) (j .I o ."ill (jjs 4_Ljj_aJ! <—&\ jSLI! (j! ^ ~- N j j 

i(QjILj- ( j^jjljjl- ( Jj.j- L gj" miU) 4-jjLLJ! <LaJe^aJI jSLI! Jj^ (j_a <13L<£^I£! 

j Cil j-a 3 ^*Jj! (jJJ ^ ii«tt l i_£!j£-JI 3-3L£ £jl jjj jl 

ii-jju>. j-^j SjLcLaJI ajjt 'O-^f) i_i£jSL!I Lai 

dJLLj Jljj-jj al j" tVI ^j-g.j" i n_t La-aj i Jijlj tfj^c. j J i iU pjj I jj i ii I i— a I uij^VI 
i_»uutl I a i iiLu dJLut j! ilax iSJI 3^j^_>Jt! j»l>>-! (jrU 3j JjV! 3-LjIjJI 
i_j£j£ j! Jla j-L^a i a_t^aj (jl ~ i aj| jjia t(j u a i"ill t_<£! jSLI! jLljI (j-u 
. ,i q ,'itl 4_o.Lj (j-a 4jJJ <-r^' aSL1 1 t— ij^S I j! JlI vlaJi] I I a-iaj I a « i *-» J .sLkj 
250 (J^ 5j—a l_Ljj»j?E_-a j^j_a (J^>- (J_a£j d j i n a i"iT1 Lli£. ^_aj?e-aj 

.Cosmic Year (<Lua£LJ! 3 i . ..11) L^lLc jjlU^ t 3 ; , „ Qaaia 

La (jl i^l mi Va i ^ 3l_j_>J1 ^ J_*_uj JLaj^jjj (_^=>jVI -Sj-p (j " a r *7 ■ T t (jj-i 

(_j-Lc 3l_L>J! 4cLS/Ll 4iljJjJl! 3JlJj_oJ! 4-La-fl>^/l OJLfll jnnnill (_Lt^*J 

oJLfli (j-aj i(_psjV! ^1 J i aJ (jylll (j ii a i"itl 4aLli (j-a cLLl«JI! <U-mlJI dJJj jj* 
t(j n a ui-ll jj-a (_p3j^/1 1 j 1 ■ ^" . (^jJI 3j1j->J1j p j i ga II (j_a fiLLujiiJI A i-ui-xJI 

.3l_ij>J1 c_t£^_a j-u-uj 
(j ii a i"ill j! ! >^J-J>J (J^3 i4j^L»ia JLjj>.| (^ (jjiLJI (j^j^La (jiLc J^j 
(j£. j-J-alb ^Ldi (_gjl a t ii ^J^>- -^J^?- 0 jj J SIjj IjjL^j i^^jaJj! (_JJl>.I (^^jt 
(j ii a i"itl 4 j a it I (ja-iljLjJtj jjj Lj i all i_Ljj J 1 JLaJ » I i^aAl I ( _ ;r 3 (_^Li 
^c.jJLj i JjLkII L^I I j-aLaij p j la « 1 1 4JVI Ldijj-Ll£.L3 i3jlj_>Jlj s-j-Lail J-jj-a^ 
^LaJLaJI jjjj - a 1 1 I g^i^ J^* 3 ' La^ d 1 1 n 1TL1 I t a rt I c I mi duL^ L^jt j_a 

.(0j3l)4jVI 
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=LjI VI , I j'.al U ^,13 ."ill L$j jjjj (j! (jSLflj (jr^II Cj^LcLojJI 
. I j"*.;;^ i_iL3-i!l ' a ua ^1 ^Ljjo SjjjLc jlj-ul 
<_^lj^_!l ( _ ;r SLij 3j£L!l o'jj- 5 ^J-* - p " '"' Lr^^ ir^ ^>"< Atlj 

■ la al -»"'■* 4JljL& 3 4 j i no i"itl Ac a-«_>J. I p. I j£> ujJLto ur 4^ 1 1 gjuljjj 

(_^a LdJjj 3 < i ii ~ II (_<^ljSL!l L$J$aw (>oj i5jL»>l_jJI 3-ulil! ^ j^o 220 

(jjJLjj i ii )VI Lg-3j_c (j-J-II CjUaLlaJI £-J-<ia« J JuLOji q n< i"ill 

'J^JJJ LcaJl (J- 43 ^ J ' «° I p^ (j-^J 'L^J^ C_l£^^ 3-5^ ^W"*^^ ^Jj^-**l ' n" L^,l * Mil 

<_i£j£ "J^H^ l?^- 0 ^ I j^* a JJJJ La 3^j_«J, iaI taj 'I J I jSlla jii< i"ill <Uj/IjJ 

.(JjLuijJI i"i_i 3jLl>JI 4-i^,l * i'iVI I U £jl_Lo (j-o a flj i uVlj i(_p3j^/l 

(j ii n i"itl J . ^ A" (_^lll 3j_uSL!l 4^Ljiil (J^iii- t(j ii 1 i"itl 4jt.il/ 1 jl uu il dLiiil ^yfl 
t i V , i U. , ,.j"t 1 rt L)J~^ rt ^ J* J**' rt jb^ rt C^b"** L>^J^ (1^ 

jjj^J ( _ 3 jJI 3j_oJiil sLajjJ,! 3jlj_>JI (^-j-lj (jl " (j ii 1 i"itl ^j-ua ( _ ;r 3 

.3mm Mill SJaLLJI ajjt (jjfj ■ ^ S • ■■ a ' aJuSLj LgjJI 
CjL>.jj ( _ ;r 3 Lia-Lajjl CjljlJLlI CLs\j j (J^Lfllu i4jjL#]I jrni i"itl (Ji.1 Jjj 
3j_<iu£. ^I^*. j£jX\ ij^S CjL>-j jJI jj-U^La (j-o ^jljjj 1 1 JL>. «LlILc 3jIjl>. 
idiiiil «Uic p la » " (j^s Vjj^ fjHh (^jJI 4jjJoJJI j ^Ja ■ -tl (^ic: 3-»-J-5 1-3^1 

4_jjj_iJI . ~i\I c I allla '■'*\iiL>.LajuVI 4_><jLj j.m Mill SJaLIo (jLi ib-23 

3jIj^>JIj J^Lfllll 3 J-Ju l. 1 1 1 im iij n~ i ii a ^ a i aJ L^i3 ^1 jjj t _ T ILll isLtli^.jij Jiji^Jl 

^LaJLiVI (I*) 

tjlU ^ iVI 
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j " g j" i i ii II ( -J -Lc (j-Ia Q^-J-o ^l^s. J-iLtJ d S La * 1 1 ( _ ;r 3 Jaj-LtaJ I jj) JiJ 



i-J 1 



J l^jll jLc ^1 JLtgJI jLc. Jj^^so (ji^- (J-«-*J Cj^icLfllll (jja d 1 1 n 1 m 



Sal LaJI ill I " J-Aj VI I i j " LjoLj Cj^LcLilll 0J-#Ij ij_i^jLl«JI (j-a Oj-J-*^ 

,3J5LgJ1 SLuLLuiVI 
SlSLgJ! cjljUJI 3 mmII (jj^J Jm>. iKj^JI LjJIj (j.io Mill ~U,„« diljdj 

J.. » in 1 1 ff$jt^UI$J 

^ 2 i ^1 4 l-l-uljQ t/j n o mi II (35-^ aljJ-II I J^JJ (jl_o*^M ^j^* I ijr 3 

£_JLlL1j i^j u <i miILj d I ' aaj 1 1 4_ljlj_lLiJ I j-Al jl^tl j-^I ^ JJ «J (jH-II ^ J ' " ^ '"'II 
4-JLIa.JLaJ 4_LsL»_a 4 _J_ta_Jt ^ tj i n" 4_£l_} cL^La_La . . J JL^t_a ^-ualj ^J*\ mi 

j^>.Llil I j K ,", ^^.a 4 j i n n ,"it| jJLJ! jJjjj 'J-^II <Ljj1i ^ « i n"i S*LUsl 

• j «" ' "U (j " <a '" i l l OJ^' er^ 

j I j< i_iJI (^l^s. Ltj-L^a (jjSLj iSjjs JjV d j i n o i~itl j-2jJ! jj 

ijHa l jj I 30 (jJI ^s. (jJJ I U a -il-Sj^ "I Cr'' -5 s " UJ 1 c J"" 1 

d m ii n i"i J'^'j .'^ J (— iJl 80 ^^j-JI ^jLo^VI ^j^* * Cr^J 

i-,UA j 1947 j»Lc Jj/jI i ~ 'j j La (_^lll ij^L>JI o^^II (^j^- I j^jt - ■ ■■" 

ijr II 3jHa j^jj ^ A"."^" ^_*5_(J V 3j-jJLt-£aJI d J i n o Mill ^JLJI ^yuuj 

d j i n o uJI 4jlS_JI j-a^- (jl JtJ>o 1 1^ i ■■j**' 1 1 (jy^J ' mj scj ^jt ijr ll j^LiSLiVI ijr 5 t Juj 
Q^SLj 4 j i ii a i"itl J-iJI (jW Jj-^J diLill (iujijjl wjljjlj ■j-Q-Z' J^l 
CjVI_>J.I o I mi i" (j-Lcj i3 J ' " J UL-iJLa 2 ;j 3t i a " 

^VUJ.1 aJJt (jl jJjjj iLkJy>.j l-u i ""ij 4 j i ii •> i"itl J-2JI (_Lia g j i njULLiLU 
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gdjiSl w$«y W**rf 

jj-a j^>> I * i3_j|jjjJ1 £ JLA ^^j-^a . u tj <"i!1 d * Mil cLajj>. ^jL) i^JLuJI 

jlsj 1 1 j • ^ I ijJ^La! fj I c jJi! Lg-La t_ij_aJLi 4 j i no ."ill 3^,j_«_>J,l 

Ollajla i Lflla^L S-Cj-a-jcall (J-lSjJI ^Ij-ilLi J^Li-V' tPl ^i>^W- 

La ^jLcj-i-oj i jL^^tUJI 4jr a cjl_La_j_>JL1 i>Lui cjIjuj ji^ i"iII <Ltia^a jj-* c^j^ 

ii n i"i II (_^jja 1 1 j I (jicSLilj . Jlj1>JI (jjs (j-CLo (_psj^/l tor 
w 3 1 1 Jl>. i I JL>. j-jJLt-a (S^*^* (jr^ ^ ' ' i c3^ (1)-* d 0 tajtll £-JL) £)L^ ^ jJI 
*j a a 1 1 j^jlajVl ^_Laj_o (35^ LlaL>. I ua 

(ji i." i j -t-i i<L>.l i nil JjL* a_jjc_l!I jj-tj jCLa-tl - 1 lea-aJlj i(j ii o i"itl (J^s- LgSLla 
'I 1 " c I (_£J_o iJ-^lj 4_i^a_2JI (j-SLIj iaJ_»_cj -iLCj a 'I i eaj CjjJLs. JL4I0.I 

SJsLLaJI (j- 3 ^3 2 <J V jl JLol (jyl^- l(_p3jVl (JS3^ LtjJJ^S ^"i l"l_l 3l_L>JI 

■ 3 linaMitl 



JUlj w I c I j j i ii i A^a_JI 3iL^ J23 Ca> ^ ijlll ^Jj^IaJI JL>- jjj n_g^Lc 
julj n i"i II ti^JUlJI c_t^SLll Li^ i Luj^?e_a j^j-a 3-^1 i tiXl 

.j~La^lj£ 12600 ^l^s. (_psjVI ' . '^j^ j la 3 J-Luj '^J-^j-^'j 'jl l^** 
(_2^L«JI L^ASxti e I i '-"' a d ijri i ii t_)L^j_i La sLul/l i(_p3jVI t> ;c - 1 J 

4_LLflj_oJI (Jj-u^j tilt_tJt_l t_il_jSLa ^^tH-^ i4jLoJL>.J 4_ajLlij ^JjLIj ^jJI ^^j>JI 

d A" 1^" «^ ,i (i ("ill I ^ . , ,."X" ^aJ! 4^LLaJI jj-oAj 1 p I tJaAJI ^Jl 1 jA^ . ..j 

jl^ <j" I "I ^^y^ I I I llll J^l t^J-^*...tljrt^l^ Ajlj-^tl,">l \ TlV l«H j„rt)l 
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cCjLj ' aSj La-il£j jJljj Lgj^ i Lie Jiiej La.il a -LA - 1 < >■ A 1 1 4-LiAjai (j^Llj 

Laj L^lya. (j-a oj_<_uLi (j_$£Ltl JJ^ '-^-'rh 1 '^"^^ 
j " j J j JjLajjj ' ajj 1 1 1 >i j I (j I ijjs^/l cLaji*. Lai . L&jLajalj i_i£!jSL!lj 

(Ja^>« Lg-ajjJa ijr 3 i4_uLi]1 ijr 3 jH_aaA-j£ 30 ^ 1 m cLcjj_u_i g I Lea-all ijr 3 ^_u_ujj 
(jJI 1 mi 11 i(j1_jJa_2JLl oLflj-Ia ^ n 1 11 _t jj^e-a (J_oa- (_p2jVI jJjGj .jm i"itl 

(_gjJI iPolaris ^ .Ustl (o^tlll 4jjj (jSL«-i (jJI a uJI 1 . UMI ^LsoLij ^ji^Jlj 

. J i>iL>JI OijSaJI JLa-JaJI oLjol (jjjLill Jju 

^oj=_cJI JJ-jJ La-Lu itiJj^tlj V L£Lu/ 4jl£La f_y£ w J-Li all j<sj=-l!! JJIjjj 
4jj-ALIa 4H^)j>. w .t^^tl ^j?e_L11j . (_paj^M jljj J-l «l^t_uj 4<U^>. (j-a l£J- > *^ 
'(j-II a uJI ' . Ja^ill Jjai LaLaj 4ji>iLjjJI ta S ill (^ w S jj V _a$3 'J-°^l J-^'j 
«L>.L_u-a ' aa-cla I 1 1 rt jJLu 3j ji i^i ^c-*-uj-> ^oj (J^ 5j-a ^aJL] cUSLIj 

, LljjJlj j-aJill (_^jj9 
i_aj>.lj|j_llj *1_^>.^/I (j_a j_iiSL3 tjj LajtJI j_a ( _ ;r Lc j-l«jJI 4jjIj (_p3j^/lj 
~tj^ r r r 1 T t (j_a ( _p3jVI ^ia 1 (jy^ Cjj-uali\ ijy jJI-Cjlj^aa-£5l_u jJI (Jii-a 4ijL^JI 

( _ ;r Lc SjLJcjalLa cLa_iIaj(JI L^l^Lut (j-a *lj^>-I i_y^JU VI j^ajJI j-jI (_gl L$J Jju j«J 

.j_i3L».| JSLi 

( _ ;r Lc Jjlj Lx-a 4JLLj/ jLil i>Lijl>JI (_psjVI (_gjLaj^s (^yi j^>-j 

/aJ j^jlajVl (j-LsLl ^J^J-^ C^-al.} Laj i^LU (j;^ ^JLji^-L^ (j\j-ui J_La Cjalo-I L^ji 
L^_i|_3 I ^ ' ]g I 1 ^^.a j^JaJJIj j<s_a_r»JI (j^ 1 M-^r^" l -^l-' J * 1 JL*J i_iiej 

(j;jj>.VI 4 j '<ij^l CjL^j_>JIj (Jj^jJIj cJ^lj-^l J "J 'J^hl*-^ Lajl-5 4-u3jjla 
jl^ a**t < nLi j^psj^/l ^ja-ml 4_l3IjJl>JI ^JLjlLI t^la-i oil ^jjjlj ^J_al ^_a 

^j^xS L4I I M^>j-g. Jl i4_ujSLII ^jUII (^ ^psj^/l c-<Sj^ (jx. I i a K" I jlj 

4 it I c I (j-a L^j Ja-p=_) La I 1 eaj j >_JJ ju LuLa i»l 1 a all ^lj^>- 1 (j-a (_gjl a 1 u 

i_La_j_>JLI (JiLa 4_j_jj-_a j j c t i _ J? _jLJL 1^ (j_u_ll_jjl ^ La-igJl I (JlLa iCluL^ 4_uj-a 

» I tJa-aJ I (^j_5 JJJ-J 1 4JLa-Lc 1 £_j_a^s_i (_paj^/l jl ^ mil c_t^tjtj 

it t^l ^aSLII (jy^Lj ^_a n a uill (J^>-j cLt^aj (J^>. t V 3jL>. ^ ojju& «Lcj-*_uj 

^-a (Jjj>.VI tilj^ejj (jjJI Sj^>J,l ^-a j<u LujJc-a j^j_a J^a- j m i" i l l J-a j<u 
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:4_u_u_uj pi 3 tla Cj^Jj (^jJI 3_}Lc (_pajV1 (jJaLi Lo^J^_»_>J1 »1 <alf a ■ 3 * 

ijr II Lajjju p . ..^ *" ijr Aj 4jLo ijr J1 L^SI o i ^-ij-ij • Sj-iioill - 1 

^j_a ^ 3 i La (j_« (j^£juj lj^-* 50 ^ jr l\ ^s>* «LSL<j_*-uJ lJs^JlJ! : 1 tj its ji^ni^ 

.cJjLJI j^i^ <j-a i£>=^ 

i sLfljiijSLa j_lC J-"- 3 2900 ^1 _y>. I 1 ' uj 4 La i ujgj I <L3glaJ I -2 

J 3j * I Ij 4 _}1 (j»o (j-^lj-ill 4_La_tiJj La JjjjJs (j£. I j Cj Lfl^ 1 * U J'^->'J 

_>LZk:V! Jjj-ujj i j^ijfT 3300^1^ .(5!>J!) SjjfTji! SiikJI -3 

jl ^ L^j| 5JL>. (j-sj 1 I S-JLc itaL^ ol j jjs SjjSLo L^jLi « LaLlII <j-u 

.(J£LtiJ!j JUJL>J1 jQ-Al (jLl (j j * La lj 4j^_u_oJ 

. CiLajUa (j_o 3jjL\!! (j-^lj^J! oLjJ LbtxqJ Lxjs I i aj] dUj ealgeli i ■■ I (ji I ijlr 

(jlsj^/! (j-LaLi (jl i d ~n V (_gjJI j-o^l <j^Ij 'c^ 3 -^ L«j!j l_La (J^LloJIj 

. ijr Ji^j- ; J1 ' aaJl jc-i-ul L^-ilg (3^Laj *j j ' aa * rt j! jj- 0 l)^^ 1 - 0 ^J^- 4 ^ ijr^ ^-^^ 

«L>.jJ 2200 iJr l\ j^>. J 1 ^"j ^_La_m (j_o Cj!j_j_o JiJlj 

LxIjJjj jj-^ , ^. tl j ^ , ^.t 3j1j^>J1 aJJb fj ^ 3 0 c ^5^* 

(jlj L^jjIjjs- <L>.jJj (j-LaLi (j-o '^^J - ^' ^<s-«-><J! (jl tj-& (jr^ 

Jljjlj <j-L=^ JljJUIJ! JaJLUaJ! (jl j_lC. . <Lj_jla 2200 -120 

• sLcj^ILa * w a j J • gaJI w 3 i * CL*_tJt_) ^>.l_La (^y^ J J ' a U ■ a ll ' uLl^j 

^lLJI iJjXjJ! iijOa. ..(jlajVl (jiaLi (^3 3_LaLdl 4lLLaJI JjVj (j^oj 
lL LaJLUa ,j_a .^pajVl L^>L«J 4_jjiUI 4jjJt <n\\ di^di U, S_ui>J! 



50 



.JljJjJ! SjJjjs ' " i c J i -■'"j Cjj i il L^JLoIoJ Sjja Jaj-i^aJI jlj La I jl (_t^>- 
' La IjHayLi^ 150 (j i c w I c J-Lu (j-IaLi ( _ Jr 3 (JjL^J! i LaJt i taJlj 

^e-Ia-m C^o J-^JJ • £^J-t' j" nj" LmJI __rLc Ltia I 20 ^^l I . .. 

jL^t_jJ1j jl_La_a^M tfLj_a ^— ^"J jj-a d ♦ rt -r **i a tfLj-a i Ltiajl 

(jjSj ^-Jaji »j i L^l>.!j n j ^^pajVI tJ3^J £-a I mi i I J ' ga * * J i oLLa_oJ.! 9 
jjj^juaJI d« nU (_-t-uiJej 1 jj^lu 4_uJal_j 4-uJaj t CjLj1jj>. ijr 3 ^Lf-U £JLA 

Ljj_£Lo (^lajVl *:L^>-J ijr -II JlcL galu La ^Lj-tl £JLA i L^£. jjjj L^jjj>»j (_^<-J1 



Sj£LILi ■ La j — i CjljLiJI (j-a « L>-j^/l 4j- J i n'q 4-2-lLs (_£j^»JI <_2^L«J! 
4 ril"-»J.I CjIjLlIIIj (_gji>JI j\j TTi i nVI (_^Laij I Lc^aljjJI j^!j_ai ijjlaj^/l l—i^J^ 

. JjjJI <ji_i jjJijJLi V i4-o>l i nil j SjjLJI «. 1 _^-II J-^i 

S(_g^>JI <_3^L«JI oj^-y c 1 - 0 o^J 

4_a_»_La : ( _^aju 3^5^ L^j^ajj CjLo_ila n ijr I] j^pajVI »1 aUII p i ■■ a * 

. j J I ^ I I -VUIAjU V I -V-UIAjU ^j^j^ V |-^J-LflJ_o I >j I -Uj-UU ^j^jHJ I 

L^_jjj>. ijr 5 + i 4JLilaJ1 ijr A i^j-jjLlXI Ja-taJ I j-loj_u^jjijII| I J 

^se-i ' I— i I (^yi 4-aqIaJ I i>J-A ^LojjI £-Luj .(_p3j^/l ^eJa-uJ (jjj^s^LU JjLj/VI 
iZi\ • 1 5j 1 1 ^jJsa J-aj jlj ^" , ..VI ^ J^c d ^ Ja ^^^j-Aj ij^t_JI ^La i (33^ ^J-^ 3 ^^J^ I I 
d fljl^m i a^aljjJI jJ^Iuj i. i se i nil I ui m tilt-o* 4j^_>J1 
I j<T ^ , ,, ^| jjq (cjLSxtaJ I j j , Uj-wt I jjii i iijjIj" i nil <LaoIa La! 
^ o S 4 j_L^_i_u^jj^lJ I 4_2_ila j Lljj Jjjj^jJI til^JI ^LtLiia ^^j-Aj t IjILa^l^ 30 

isLul ^Jl cjIjLlIII (j-a (jlj-^j L^jjLcLa ( _ ;r a <_ _> 1 1 n u il 4jjL«JI ^LjjJI L^>.Ll>>j 

.<Li3Jillkl ^LjjJI CjIjLu pu-uLi (jlSjjijj 4_lUsj^/I Sj£LII p La « a (J^s- (jLjj^cj 
sijL>. I jJ^tlLi^ ((Jjjj^ ^-a_r»o 4_oia_La ^t) j j-^ ■ ..j tjjjj^ 4_^La_La Lat 
4j^2J| d , . ■ A * . 1 1 j_^3 4j(ji^/l (_Lt-aj 'Ojjj^' Cr'l (j^? - ' n^jVI jLc 
^ JjlI Ij-Laj ^^>JI i_3^LiJI (j-* 3 ^j^ 1 ^^ I J-A ijyjS jjjjjj t(j n rt Mill i-Aj 1 ' aaj (^^11 
.fiQjLs^oJ cl^o^ ^I^JI (j_a d'Cj o i n CjLoxLa ^4J>*J 
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CjUj-jI! Jjj^jj OJ- 5 (Jj- 30 ' ^ ^ j "i it Li 4j^_o~ <Ll»AI tLajJaJI J-$-Jj 

L^jL>-j1_i j_u»jjj (4_uQjJ * flglaJI j_Lfljj/jjjjV! 4jlj!jJ! ^ agla.ll La! 

La US 

cLbLLa g j 1 aj a L^jLj^pSLI! JL>. I I a 1 ^ A", a , L^j jj\j>.jjILLi!lj (jA-y 1 n^jVl jLc. 

Li_i£ 4_jSLL*_u^LII CjLvoJL! ( j_uSL»jj ^""i * L$jt d a ■ la \\ aJJt ajl ' 

^^JJ J . .-. a ( ^j_a j_jJLLll i_<j!j j»lj^>JI I JLfli ^LsjjIj ij^jjV! ^lj_r»JLj a 1 n_i 

1 la S LcJLulS icLuj-C 4_L*_j_Ja 3j-fl>LLb j-loj-uojo-iVI d 2 tla ^3 j J laj J 
-4_u_oJ^1j d j 1 11 0 ^JLJ! j j gla jJt£. 4_t-a Lit_ij-4j^t_iIIiA CjI a j i n~w ^ n a i"itl 
•> i"i U CjI aj 1 n->JI aJJt a J La 1 ^"j i_i£a£ tfLsoLi £^)-<-uJ 

j-Ajjj^-L^ijLflj 4jjLLa cLajJa Jjl I ajlajl oJLfli ( _ ;r 3 (^jJI CjljLiJLi 

Sjj-SLi Sjl *i < 11 (j-o 4 K i"i ( _ ;r 3 i—ktiej mi a dllj (jX. I ui na 

LiLj^>.i LgJLc j ) ua-j JLS ij-S-Jj iS^UI ( _ ;r 3 (_^a-u^M g.j 1 a II jj-a ^-^J 

w I c j I U 1 j . .. A * «j ^lj»aj>.j g Ij a ' aj g Ij ' ^l^aalat 

. Aurora Borealis ( w xL 3 ^! j a uJI) Sj_a>LtaJI 
<LflxLa i(_gjj>JI i_3^L«JI CjLSjJa jjjs 3j_ii.Vlj £UjlaL>J! 4JLlLlI I (^,1^. (jllajtj 

(J-i-a-J JL^ ^LojjI jGjij (j-Aj 2 SxtaJI (_g0 jjii 1 hj 1 n^VI 

(2^1 7- ' ■■^j^l ^yja a^ A", CjIjJ ^j^* * L^j JL>.^j ^ji J-oII^tjj J-^-* ^^J^ I 300 

. Luj_Zj Lojjlla I 1 j Lu (^^^W ^ j 1 aJ JLs. (^J! 
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I |Ua-^) L^-La cj^ mm ,.-,-iU^,j cjj^e_oj! jJs ouL^ ^_t^ LLL 

V (jJj^l q'\ j-A i3_lLlL>JI <Ljc.U.L<aJI jLaJa^lj LI La uA\ a'jJt (>u 
(jl 4jLa i4_ujL»JI JjuLi jlj-U *L2jJL riTC" Jj ^1 j jjj) JiLoj 

£ya 1 se j * a^LuLcII 4jr 5 Ij-^-a I I w 51 Lca-fl p i ^| cLcj-i_o £-Lu 

.<U jj^Li. dila JJJJJ O^J^' '^h 1 - 3 ^ a ' a ' a 
^j-LaLi jlj-*_ut ' a "X t ^jl ^J^S t^jH ' ' <-^LLa j Laj * * ^ji ^jl i n 1*^1 (jji^ £j] 
<Ljc.U-L.aJI jLaJsVI i5j-#3 i>LUai!l j!j-<-ui *fl>»i N JJ ta j Laj o J 1 <J-cSL!j <_pajVI 

1 jjj i axil ji Ll2H *I_oj-u 4ja jj! ( _ ;r 3 <LjLc <_2VLj 3j^>JUj (j^ljjC.^/! 4 iil*i-^a 
<Luj_>JI <Lig.Ll.LaJI jLjjaVl ,j-o j_uSL!l i_dl_ufcj . «L>-J J-a^l ^Ir I -i 
jt_i-ta-a«j jl ijJljlII ^j'C i nttl Jgl mi ill j^j . aj Lj-Jalj fll (j-aj <4 J i u i n~r"ill jl 

. Lgja^LLa-il jug, diejjl ^jus 
Lal La ■ " (j-^ LkJ_*_i lij-Jj. (j_o d I * i all jLaJa^M CjIjI J_aj 

J_*_j_i La ^a_& a a ->■ * U jlj-Uj . 4_j_JLc ^LajjVI 4Ja_<_ualLa jl 4_Lajijt_La 
jljJ.1 Ij-A ^ jLalVl ojSLj LJLcj i^j^I ^Ja ■ ■■ ,3-a j_La 300 (^J!^ 

,J f LVl 

jljJJ La! .uJj^sJI i_a}L«JI <l^j_lj*_a Jjtj (^ji/^Loj i^PsjV! ^Sij 

2 I i , ^tl jLi^^/lj ijjlsj^l , „ j_ua ^L^ 2400 ^1 ^s- J-k-i^lS i La i ujll I 
.CjI jjjj/ SJjl)-(_PsjV| (J^>- LjjljjJ) (_g!-L*j_«g. J[jiaj jl jJil I Jut (^yi ^.Uajj (jjJI 
j -1 c JjJajj Cj I j-La^LSL! I CjIj Ckc Jjijl£ i3_jJL«J| CjIjI Lai 

.4_LII «.Li La ^1 iL^lS J-J^ajJ CJ J-II 3_^Lu-aJI jLalVl 
1 1 c j (_psj^l ^e_Ia-m j^uC (Jr cl-Lt-aJI j_a^JI Jjlj jjrtJ 3_jJ)jJaJI SJj^LkJIj 
^cLLLaJI j -1 all 4^j_>J (_gaj>JI L^S^vLc 3_oj|_2jij (jlajVI 4_ujL>. ^1 J-^J-> 

..i>j_ag. (J^iaj dlljuj itfjlu-ol (_gjj>JI Lj^^Lc 3_ajL<La 
3j_La_Ljj/ (jLa i4_uJ3jVI SjiUI ^eJaxa (j-a w ^ I i.^tl j_aill I jl Lai 

(j^JJ 4Iiij^>J (_g^j>JI Li}£^Lc. ixjLLa diljiij : Jljj d jlr jj^aj^/l 5_ujL>- 

.(_paj^/l (J,*^*- 'L'jJ- 5 * J-a (_gl iOj_ag. j i r-l ii j 
<Laj^Lll oLLoJI J-«^>- if I LaaJ I ( _ ;r 3 4g£.LLLaJI jLa^^l j»L^a CjJL>.l (jjsj 
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3_uaSLJI CiLcU ifeVl 3_<_a£j i_£jjJI I j'a\l A j ^psjVI i_Sj|_)Ja (j£. i ( _ ;r aJL«JI iJIije-lU 
(J J-£C (jj^J - " <— S^LiJLl Qa^J La 4-ul/Ll sLLsLkjj d j i u a ."ill 3x. j^u>J,L3 

o "jj^ *** • ' * ij^t-i j^>-^ o^-*- dy 3 L^La «i!jj>. i jjLuj iCjL»£Lj^£LJ1 

jjjj s;jL>. J i a a '_■ jls i&jtlc. i LuJ! ^o^titl i^-ij^s! >p-«J lS 1 - 1 -" i Alpha Centauri 
LAj^Lii t<_ i"i j"i i"itl ij^>- La-jLi-u i_gj^*jJ <_s^L»JI I jut 

. LLlII ^J! t^U.Uj L^LC^.1 

L^lLc jllaj ^1 iiJUJI SJaLUJI CjI i BjLaLJ! SjuiVI elkj (jjSLII £,l"<n 
La LlLo.1 I ■ ■■ g-Lp 3^,j i .ill CjI aj i .i-v L^J I i(3_ua£L!l 3 < uiVI) 

. Ij^>- Sj-u^ 3JaLIa Cjli lilljj i g-j^aJI Acj-i-u ^Liji 3j^Lj (jji Vl>^ 

d JT ' *.' (J^^' «L*jjiVIj dj'CI i ii^Ul CjLv _aJll Jila icLuoSJ! cU-»iVI CjLv _ojjj 
(3 ? t "i _t joJj ir-i j" (j! (j-t-«_LJ (j^-aj V (^jvjja (J->^ ^'-^ i«lj-a-r»JI C i tj 
«Jj ^ J a « miVI 0JL$J w a J a^JI jJLx^aJLl (j-a j-t-sL>J1 Cl^aJI (j*"^* ^LaAjtil 
jl (j-a ^ I la S L^jI (JJj^>-T tj^^ 1 ^-^i- 1 (J " " '"'^ tlh* 3jjLt-a L^jI Ji 
Q^SLII ^^.a jjLj ij_o.V! i^'j-I! I j-fli liiLill ^1 air j ■ ■■ fljj g I LkAi! 3 iij-r . ntl 
A I V I -»J,I CjljLiJI cUSLfli CjLl«^ ijr^- tS^^i L^la J^J jojIjuJI jj^^-J 

La^ 

Jl^J i JLaL>. La L^_Laj ^_*Ixi_a ^Jt La ^1 i n^. VI jj-^J i4_ajl^ 3^jj>. ijr 9 jLijlIIj 
<U5i La^JI ^1 i n^. VI j>JLA ^j^* ) jj-* i < a 4_ua£LJI d * loV I tJ)3^J 
i—^M-iil LlLlII LajJaJ I I j i 1 i i4jl^I/VI OJ^J 4-i^utjJI CjLaLtaJI p la « aj 
( _ ;r J>. « ( _ ;r jlu (_L^ (j-Lc VLlJ OuL^ Vlj ij_ajJkl Lflijjl (j-a LLlSj j<u (j-aj (_£jj>J! 
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<_l>. L^aj (jj^!' LaL>. 4jljI/I (jjs ^1 i n-v^U LjaljIoJ i^J^I ijri^ 'O" 3 ^' ^laxti 

3>^-jtJj >l>^-!l J 7>" S (jl ^5^1 =u^/>U 
I j - j " i M.v. ^pjl iUijSLII Sjl^SU 4.KJ! 4^LLJI 4_uj5Tj A 



t4jLL<i_L1 4_i^L>J! ^_Iil_LL1 jj-* (_P 3 J^^ ^eJa-u) (JJ5^ Cj " J q ^tl jJ^_La ^jl lILUjV 

. LasjLtS Ij 4 j i ii n ."ill <lcj-«->J,! t_<£! j£ (j-o 
^Li£ 3478 *j La 3 J-IjJJ ijHa ^Li£ i—flJI 38 J^e-u (3^- J«jJ 

t. i i i ii i tfrl ' ea all ijr 3 ^ ^ 4_j_uaj^1 Sj^LII t J- ua 

sLcLijj! ^La i jjjua^o (jiaj^/! ~ U , „ S |_U lj tajj ^ j^- 

^5 i>1 ^Tn-u-a flic * * jjl JLi V «Ul ^Luua La (jLSLa 

3j_q L^J jj>. jjj-ij i Ju>- la 4jv LjjIj (_paj^M «L>.1 j_i v^-aJI ^jl i la >■ ^ ia 
^1 jj>. fiL*_aAj J^>- Jj*-^J 4j1 LiliiJI ^1 o If u < J dU!i i J-^" (J^ 

j_j_<_u t (J_u_^_lIjJ 1 g. j Lea * ijJ _la_Lu 4-SeJa-t-ti ^jj-Lc d ta 5 * ^£ \ (Jia3 1 jJj ^ 

?.1jj>.^l Lai t4_J^Lo 4jLo j^h^ 1 3 J-^J L: j^jJI «Gj1jj>. «L>.jJ i^j^LaL£^ 

3_jLo ijr JI J L^_j_5 3ji^dj-jJl ^1 Jl?e_l3 t^j .i o i'IiTI 3 ♦ mi? L^J-II J Ltaj V i^^Ul 

»j d LeaJI 0-=»o «L>-j Ji 

t4Ji-L3J cUuLLo udl_LA 4jjL>J1 d A 1" -n. t L 1 CjLlL^jlII 4juLLo l^J^^ 
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!j_<-ul w a "J 1 5-11 (jr-Ii 4_Lx"ajVl illljlcl i ii U Jjj^jj jj>.Lu (jJj . (jjLuJi! (j^. 
■ Lag^j i ■■ (_^<-!l i— al uiSu i nVI CjLcLsj>. (jl (j-o. (jr^ 'j*^' d * ' eaJ J-"^ -1 — SjjJaJI 

VI ^bljuVIa 

. Sj^. J}L>. 

Jl a r ^fl (_j_3 j o ii II (j-Lc I 1*11 f " sttajca Jj! ^ jLa-*i i n" (ji J-«H>J,I (j-oj 

SVenus Sj-dsjJI ' . ^ i ■■ ja^aljLSl I LaJ LaJLtc «.LiaAJI jljj JLa-j < u I jLa 

^.la ■ (jjjL^r j i ii ^1 a *^ , ,.t, 1 i>Lj_o ijr 5 j^^^aj 4_o_u^ CjLiLjlI 3j^4-t-a (_j-AI 
^.3 ii n ,"i || j k "j i4Js^->J,l ^Ljj-JIj 3jIj^>JI =Q±#J| JLSa. Sj_&jJI i_i£j£ 

jL£,j jLJLllj JLojJI (j_a ^ ' - 1 1 ' " (J^L>. ^-^5^ tf L-«j j >-*-II »l o i nil 

4_La ( _ ;r i <_ i j i H 1 1 j^>.j_jj ' " ' I ij jj <jj J-j-g-ll cjljLcj q^jj^LII jLu^l 

oJso-II -»■ Ij <a ~_1 («J tiiiill »l air (j! ^I o^jSLII I ^ ^La^mi 
«ljij_j IjJjjCLa £jlj_a (_j_3 JJJ-J Sj_Aj_II i_i£oSLa idseJaxu SjJJ (j- 0 ^>-i^L>JI 

I <_^ajl <j_a L-Lj^ 

(j ii a i"itl jjljj 4jl jj* iSj_ajJI t_^o^ 5j_a I jUtl ci Laj mi Lai . I j~ >■ i 

J^l (_g I j-J-a I 2300 »j taS Lai 'j^a Q^iLa I 07 ^l ^e-J 

3j_&j_J! i_i£j^ (jr^- 3 ^ - I J-^Jj i Jaia J-"-° _J^r^ c^' J^'t 1 O^J^' S-^i^ 

* ij-S-i L>a (j ii a '"ill (J^>> ^jjljJI tfjIjLa 3j-AjJl c_ «Lcj-*_o ^-LjJ 

j_j-a-U-i l_a_^ i_3^Lij ^ i n^'t i Ta A". ->■ < i4_uL\ll ^£ J-^ ^lj^ 35 (j-a 

La (3^-^ ^J^h 1 ^ ^ 1 ' " * ^ jit" i nil u a '"ill 4juj1 (j_a ^juiSLaj «bLi 4-Se.la-m 

. 3 j in a Mill 3x.jjjj>J,I js>. \ <--&j£ (_gl 4 i n's «J 
»l aUtl ' aJo3.| (jl ii-kjuSLII (_gjL«JI ^1 LaJI I juk Ja^-J (j-° U^J 

I j-4 (jl (^1 ^j>.IjJI (^IjJI i-j-aj-JJ iSj_AjJI t_<£j^ 3-5^ J^ 1 - 1 -^ 
VI <L*_u_(2_i (J^>« Jj^ 1 V (j-aj iLajl^ JL>.lj (J " a '"ill 4j>.I^oj c_*£^aSLJ1 

. (j .1 a '"ill (J^>- (J^s^JI 4jIjjJ Sj^a (_ ;r Aj '^J^ 220 3j_a 



56 



£^21 J«Ut$ jlAJI 

LuiLui-3»|j 4 l_ol_4_i 1 J_i Jlj>. Ijj-t-tTu r 1 LgaLdJl ^ A , ,.tl LuLc. ^.axlal Jul! 
(J_A . . (Jgl i \j (_ tSI 3^J1 (^j-JJ j-lialb (j^cij i^jjSLJl 4jr 5 l_UL3j_a 4jt_ulaj 

iLSj> 1 fl-tie^a j-lala I I] j fllaJ 4_Lo Lbpja! !i! (_gjJ! iMercury Sjl lac Jilo 

4960 ojJaJa jjjj jJI joLuaJI c_jjJLI! i_£jSLII i sjllac i_*£j£ 4jl 

' la i ■■j**' rt £_Lljj-L$_L« JUJuioJI 4-j IjH^V-Sj^u^ clc,j^uj u <i ni\\ (J^>*JJJ^ t J- ua 
jjjj Lj£ ,UVa Lajj 88 SjjjJI (<CL^ i4-uli!l jjjs ^ij^ 48 2Lc.j_.jJI l_Uj 

. 4 j i ii n i"itl <1cjji_»J,! t_-_>! (j-o j^i- 1 t_-_>j£> (j-o L^-" 1 

JoJj 4_%. (j ii< ."ill 4_»-l j<u (j-oj (j " 1 uJI ij^>- I jj JJ (jr^' i3j_Li!l 
«L>.j^ <t_<-3 J-flJjJ "-^rP- L?^' -Aj^r lJjs *' O' l5' ' £ L«jI-5 3 n '^i.' 

L>! i ( _^-£3l_t-£5j-J1 j J ^1 w ijr^J ^JO^ "^^^ (l) -0 J—^^ Cr^- ^J^J~**^^ 

4jj1o S^>-jJ 237-^J! SjIjjJI 4j>-jJ a a se " O^p- lS-V^ (JjJLs j^s-VI 4jvjJI 

.(«273-» (j Ua 1 1 j a i^all £ I^>-jJ (j-a c LjJJ^ i^O 
gLc^ «3 ->JL1 j j a Lca-iAJ Ua£ ^^t_] 1ji£Laj 

jJtjj (^Jl ^jJI j-aVt 1(J ,1 0 i^i tl (j^s <b>il Ijiaj j_u^ J£-<S»J ^j'j^- 

. Mars i_jj^»J! 4JI j<uj/! ^ jlr J-*^ i. . j 1 n_t 
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^ i t a 1 JUl3 t4-3tla-m (j^*- J ^ i l La jj j Laj ttfjl J_a ^-H^ < i i a \$ 
^\ n" it^LJ SjLjI d j i ii « i"i II "1c. j-*j>J, I i^-«^l J^ J-^' J-^LJI OijSjJI 
£jj -ij^>-J »l o U II £-3jJ (j-II dJJj ( _ ;r 3 <■ i j i nt I J-^-JJ Lajjj ijJjLjtil I » i o J-a J 

1 /Vjt^^V sLujJLII j_&ljliiJI dJJj <_ 1 1 1 im La-ij j I , d -» U , ,, JjjS 3Lir>JI (j-o 
J£LJu d jlr JjjLs-VI jLiiilj tUxlaja JLt£. J_lL->JI ,j-a Jj^ -^y^J J-'- a 

£_aj?E_jJj ifibjj ^Jj ,'^*\\ 3jjj»C 4j3 _u3j-JJ d 0 U ^jjs ^jLt-aJ^/l ^ 1 i~ii t (jy^-Jj 

' a-ulSU A jSI i ca£ CjL£j_a SjLc (J-<-ujI i jjj_tl i_i£j£ CiLajU U (j-a Jjj-ll 

9 ^jj 2 j-iSLjLa L^U-uj 1 1975 j -1^ ■ *e j 20 ^jj I £-&jLa "jLh-"' 

i_<-£a^ ( _ ;r 3 La^-4jjlj_l jjj-U jji=-a (J-LajJ . j»L«JI (j-oAj (j-a j j a"n i » 

.<L3ji "LtjjVl Jjj^aiJI ilijjo diljjj 
^_jL>. d *C fa ( _ ;r 3 JJJJ J-*J '(j ii n i"ill (j-a I Jjlj £jlj-!l i_i£jSL!l jj* jjj_tlj 

£tjj_tl Jljlj ■ t— ■ ujj a J-Luj iljbl V^La tflj-i V ^<u (j-aj O^J^' iJillS 3^-^ aJ 

^JLu^ i Lajj 687 <J^L>. L$J «Gjj_i (^-^J JH~* tJL^- 0 -9^* o nti '"'^ 

4_i_ij|_>J| j^j-a d j Ir 4_ujL>JI J23 j<u (j-aj O^J^' l -r^5^ J-^^ ' flj aJ oj_Li3 

.<j^jVl 3^3 

9^ J* 

2 , I j_LSLjLi!l j^j-a L$j o^sLa (^ylll t_ijLrtlII ^jLli 4l£ j«JL«JI c_<^jj 

Cjjji^ ij_jj_tl ^_la-u ^5^3^ f 1 -£-'- a I-5L2jcI i 1975 ^Lc 

4_u^c cjLa^ijcji Laji^2j i jjjJLl (j_a 3jsjLa SjjLU ^Lilsl 4jJj (2>c cjLjI£L>JI 

. JLo- (JJ-'" oljJiS (<s-^Jj (jjj CjI j 

w ->»tl c_t_j^pj| Sj-Al_li 4_(_uIjJlJ ^JJLjLu ^JSLiLoJ ijr Jj^l 4_jjl?eI1]I duL^j 
^ulj JJ 3jLa (jJI (jj_ij£LII J j i ii^ I (jy-iLi JjjrsJ 4jjl£Lalj i^tjjJkl 

dJI_L& C^jK lil La ij-LUa J < ut\ itUitJI L^ik: Jj^aa. ^^lll jjLlill <Z±JL 
(_L>-|j jj^a tlilj^a 3JlC i_!jLrtlII SjLcl . V ^\ jjjJLl ^e-ta i ■■ Sl-o. 

Jj < a >i 1 1 f£a joJ ' JJ"" < all Oaj 5l_o* «La3 i_dl_LA duL^ 1 j| La 4^jjtl 

(jLa Laj or j .^cjj_U SLpJI (j-a £j_i Jj^>-j f^ 1 ^ -J A5^J 'J *-* 
JLjj/jI (<Clitlj L*i!jJ i jjlkJI 3jjjl»js jl ojjj>-I (jyill t T J j' j: ?-^' 
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(jl (j-Ilj iSJa.} jjL^i J-jLoj Jj uajell Ij^Laj l£>^' 4jlbj_a 

4-t-LaLS tl j J c ^-jLlill £J-£J |i Lpi rt J-Laj 4_i£j»U J_t«uj3 

. MjlLsLs SjL>>i ^tL3 ^ lea^a Lc Jljj^JI J-LajJ i Ltj^>.j J ' AJ^J 

SjSLiill jLi^j^/Li (j^ U"i i^U jl Laj] I'riilj j<sJ ^^Liitl Ltt^&j-it-uaJ |j La '« i jjj_tl 

Ijut JiLa ^ I c j_jj_«_L! j-jIjj (jLuij^?! i*J i^jJLII j_La 

' (Jt^tQJ i£LJjJl.l (jj-l^ U " " '"'tl £ ^a_L*a (jjjLCjul 3^9 t. < 1 I n )J . ^ftJ*_>JI ijr 5 J « LaJI 

(j^Lx-i La-Lu i(Phobos ^j-ij^) =1_<JJ ujjjWI j-a-2JI 4jjj (jLo.^1 i. .If I 
(jjj-«JlJ! (j-o J^j • <G« LUsI 4JL3j tfjLtj (Demos jjjj ji-VI j i all 
j_j_«JLjj J_ao- j orill 4j jj (_g jJI alLa-llI q unh £tjj_tl J_oa. JJ-J^ 

-JL-lII Jj j i ii ( _ ;r l^.- ( jji^j^3 jljt^a i£LJj_tl <_j£j£ i ii (j-a I o (jij-aj tjlj o iill 
' -ij " 5 _' jJa O-SjJI Jj!>-aJJ iJoJia J-J-a 6000 (^1 jjs. j-jj_U (j-C' Jl*-jJ 

.£ljjJ,I p La sell * (j\ 4jr II 4_ujL>JI «L^t_uj (j-t^o-)^ 

* J-M oL>J J d"*-" O^ 1 Jj-"^ * J-' 1 ' d^* - (J^J-^Ai <J-"3iJ^ JJJJ 
^jLsj-^Hij La^-il iC_t^a£LJI I JJt (33^ (j-* I a ifr J-t^aj-i cJt^*- 1 ' d ' 1 

^jLfl ijj^jLjs ( 'j- 5 *-^ ^lILj ^tjjJLl ^ o i ii Li^j .^j-iioJI jj-* tj^j^*- 1 ^ * i^-iJi 

^jl jl i<Ll (j^ S q\ \y 4 I o J a ' ga^J «L»j_oLlLI d j fi i n**(t1 Lj La c ! JL^ 4_l*_)Lj 

<LjLj ^ A.^jt Jupiter t_gj " ui U (j-o - I JaA!l jljj jl>.| tJj^l 

j A . ^.Vl 4 l-^-j^J ^J^- 0 I ' ^ q ^ jJq3» d La i jIjj c_ ufc jJI jj-* (^.^J-^ J 3^ ' 
4_j , La j sc " a i_Jj_L>J I J (Jl q Mill u ■ *°<\ (_y£ Lai t t _ ? _lL3J1 j_«j>.VI ^1 OufcLJI 
.jajjtil Cr^l Cr^' JJ^-y I J J ^ 1 1tS a 4_ajj>.| 

»i La ■ ) I j La ^ uiJ L^jUs ^^"i uiX\ a_>- ^j-a »1 Lga^JI 4JLtaj < La jJx- j 

. J-zsxld. I (juvjj JLl^JI CjIj£j i4jjL«JI oLuj^JI (jjs sLikLLa J^L>- 4JOJLJ ajj 
lj_La_La ^>JI (j ^ ' '-^J a 4ijL^JI olLa-pJl I i.'itj il,l jjLiii!! jLitj Lai 
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SjjLa I 1 *aj]j d se la 1 ■■ J^>-JJ La p J *° ' *J J ^ '*>rh^ ^J^*- 

I j| I j 1 j La >■ i j<u 1 Lgjljl JLo L#>.Ijj>.!j ^->LjSLj_aSLJI (j -0 JtA^-" t T jL - 1 ^ 

. 4^L_u_a ^jJI m?^?**' miU c_*£^o£ jj-a C^JjUal ^^^-A 

*j c jj-* * La ^p-* t—aJt I 38 ^jj-Jl 3^>« m*^?**' uiXl j ^ a £-Luj 

(jjj g. 1 j j La_Lu I , 3 ^ I j J ( _ ;r x.j_cJI 'O^J^' ' ■ '^J^ J " a 1— al * i*r-i I 

(_gjJL>o j 1 .1 ill < 1^1 ( _ ;r L. ,_p=j^l (jla dil j ^Ir j i5 , 5 ( _ ;r jcjiJI ,_p3jVI 

. 3_}Lo ^j-a m?^?**' Mill c_t£^^ 4_) jUjtJ 
j_A La J I t (_gj "l Ml U ^ U Ml (J-O 1 -1 I ir-i tl «.j^>JI I J_JJ Jl>.| ^sIjlj 

jo^La-a <_3^Li£ JJ-^J 11— i^la-i eajj CjljLtll I jj a JJ-* 1 - 1 ' "J^-^^ 

Sj-u^ «Lc^j_uJ J_i ^lj^>- mi ijr 3 i-d^tlu t. lSb i 11 L$j L£j 4 i-La 4_i 

cL_lj_u_(J Li Lx-tla * jj_u jl JLa ^5 jno ilitl (J^>- m?^>**' u*Xi ijjj^tluj 

IjILa I 3 ^^jJ! ^ n (j Mill (J^>* 4Ii£.j-i_o ^-Luj ' d uiAj (J^>« cL£,j-*_oJ 

.jILa ^j^-LLa 773 q n <a ilitl (^^"i uiXI t— Jjlj ^-Luj i4_Lu3jV1 

i I ^ 0 itil \j c 3 j Mir (_,-ijt (j-o 3-C jjjj^a n_gj" miU t—i^j^ (Ji_5J>. JJ JlJJ 
( _ ;r 3 »l a-LtJI j-J^eJ (_£ jJI s^^yjiJ! (j^LIj • LAfJLo'j j*i 1 njlL^j JLLajjL>-j Wjjj'j 



4_«_S_iJI) L^-xLc j I Laj i i_gj" mi II t_<£j^ ^e-ta 1 ■■ ^j-i- 4 -* 'LalaXa dJLla 
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Ltj! jdal J-Luj (_p i"itl <bjl i ea.u it_iSjSL!! (j-o ^jJI a nitl Sj£LII • a ■ * ' ( _ ;r 3 

.j^a ^Li£ i_dJl 24 I_jj3j£, j jjjo i_aJi 48 
J>j^*-«£ i 1878 ^Lc '-■ a ulj^I JLS 2 -'^ aU.ll 4j<JLlJI tfjut OuL£ jJilj 
<_2^Lie-i ( _ ;r Aj ifiLxj^alj j»_aJ-!l L^-J T j-^c ijoJLk-1! fiLa-Ua I j j_lC ijjUl 4ILiL] ^ « flj 
dJJ jJj <_c^£L!l £_a jj jG Jj I j « i jaj j-J-»J V ijJJ^i. V! <LoeIa-uiJI CjLa^LnJI 
, d i ..A * <J^>- (_£jHjal1 C-*£^o£ tjljj-^ J- 1 ^-^ (jr^ ' ^ ^ ^1 air L^aJLa-" < ol 

^-La ■ ^jyl^. Cj^H *lj-a->^l «L»_S_lI1 (jl c.1 a U II ^* * 

(jJalXl Jlo-£5jJ1 (1)-° L^-i^ j-aj>. t ^-Aj 4-i-i-uiJ Li i^jUJoXI 

I i ea *»j (jL^j_jJI Sj-SLa (jj ''-^ a j_' liiloJ! »l air (_l»^>- iSJjala (jl-aj/ (_JJ-a ( _ ;r Lc 

<_J i ii -v. «.lj_a->JI 4jLajJI (jl ij-uoL^J! oJsaJI ( _ ;r s jj>-!jJ! (_gljJ!j . Lib 

' - ' * ^"j ' l-^p^ * L$lL*_a ^aalaj J ' " ^ j l£L>^' I JlAj i^jUJoXI 4jr 5 ^cjLc 

jJljjj ^j-loJ! cjljj J^Li- jj-ij L^jLa 1 j->«J1 ^Lci (_,JI 3JjL^J! Sjjj^-II i>j-fli 

Lflijj 1 11 a «.lj_a->JI 3j_jj^>JI 0 JLO> LLoLluj . Q3UI lS-^JJ Lhi^ L'J^ 1 '"'J.' 

LajL^. L^jSLIj lOjjjt^ cjjl»ILi!j ui U _o^- ^Lcl ^1 1 " ' * I L* 

fiLx-Ualj Jiajtj ^La La Jl>. ^1 I J >■ i sLajjSLI! ^^jjLI! ^La ii>^>- (JiJj 1 La j j~ 

0 Ltii>U 

i_<£j£ (jLa i2 j 1 .1 n Mill S.c.j^jsJ.I j£ j-j^I j-A t_gj"i Mill <-_i£j£ (jL^ lil 
^Ij^i.! jLLa «u!l jLLajVl jlIs i^^-^V Saturn Ja-j 

jj_a SJLa 4_j ila-j-ao O-o. .i_)!j_>JI JUj-flJ! 4 K i"i 4j j_uilj LI t-jj^ i nl'itl 

jlj>j ^ 'LiLa SjjjJ,! uulILi «ull Ljj-Laj ! jl Lai 1Q5JJ! 3_ujtj oLiL->JI 

. 3j-j_a_a j-JlC cQ^ L>. ^ I \£-L& d La 2 * Jj^?e_a fib ^ 
fiL>-j (jr^ J 5 -^ i»l aUII j»Lai IjJLl fiLjjjJLlI aiaJI tfj-fli jJLlJj 

^_j>.Ij-J1 ^tj-J1j '(J^-j c_ '"'^ 2 L>JI aJJt Cjj^j ' djS ^_£uJ! 
jjj ^ jjLu cLcSLIj id) cUuLj OjL^ ^pJI jLalV! Jl^l LjLoj L^j! dJLLil! »1 air 

^j^aSLj (jt tiJJj ^-^J ifiLLa 1 i^JLlLi Ijl 1 11 a cU JLitHj ^jl jJjL>. LaJLt^, cLu^£[j 

. j-j_a_a (3^J w ^ J La ^J'v mi ^5 LiLtauHJIj cUjjVIj JLajJl jj-a Jsajj-ilo j>LjLaj jj-a 
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1 (j"(^jJ l£>* J ^ * tl^"w|^J ti^pej L^lJJJ (2)^-°' 'Hi 

L^J j_Ls La t JaiLfl J-"-* J-Lj^ I 5 ijr J 1 J se * (J-^>- J I C.Lc_<-u j jJL j i 3jJ LlLo 

jJ_j_S_j j^>. j!i i^^Lcx. t_t£^ (J-^jJ "j-*-* j-Lf^ l_ aJl 275 jj-* *— ^Li-l3 

J_i J_>J1j j sc L<aH jj-* ^j^J-* ^ J- 1 O - * <— -J^Li^-iJ 4jJ^Lj-* (jjl^Lt-aj 

29j 5 (J_£ (j .i rt ill 11 Jj^>- «Ljjj^ tj^j * ^i'*?* " (j-* '^'^ W^*- ' ^"1" 

(^jTnTu-t, 1 JULJ ( {C, \~^JLA J-L^ (J ^_lLo 1 425 1 JJ>. I g *^ J-t-UJ i cLu_u 

ulC ^ ^^"j . , U. d A s I4jCjLcL_u I 0 ijr 3 «Li_aAj jj^>. jjju j_Aj-Lljj-oj 
ijjufcj i I i >i -> i I g irtin sLLajljHa «L«Jallo jjjj J^O (-l^ 5 " J-^' 

ja-j-^L-u 4_LSLIj i^jLc. <_a^Lc. <l! ^jJ! ji-o.^!! j-aJUI-^LLu 

* L-« O^ 1 -3^^ (jj^jla 2860 ^J1^>.) jnq Mill ^j_oLiJ! 

jlsj i^yjUJI c^jSLII Uranus (jjjjljjl (^Jl >LiaiJ! jj j^.f 

CjLo^Lvo 4^jj(1 JLp. ^1! (Joj "itl j-A i -lljlj r I ' '-^' a ^Li^j-a JLu/jl (jj^J 

. jljj>-JI (_^jSLII I jut ^ 

^Llcj jl id j i ii n i"itl 4£.jjjjJ,I ^yfl jjs. I L$J (j ii n i"ill (J^>- 
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<dbtc <J^>- 4ILl1X1 CjLijjlII jJJ^ t4_J^>. j^Jj 1-4_Lj_i jhh (J^>« 

SLLaJLi! j^jc-loJI jj-a (_gjJlj n_.Jj.aJI ( __li-!jJ! «:j_>J! (jLiiju (jjjiJI 

3_j_jJLo '^j- 3 '70 t_t£^SLI! !j__> 3j!j_». ._)_■_*_,! ^j^yj ^j__!Lj 

j_Lj 4_Lj___j LSl-aXa 4_u_sjVI LcjI j i i u c_l_u 84 3_La i3 J_~l jJ! SjjjJI 

jUJI <UI . . 

"'.'^ J^*^ 3j__U Ijl i -■»*■'■ I Neptune >-fll ui'^l ' ^ 

l_1_L_J! »l <ilr Ja-Ka _J . »l g i .itl ^L«_S oJj-sj (Jj_1 o j j Tit I j<s_ ____ 

^^j-^ t_t£^^ -L5^J i -* JLJ ^hi^ -^-'--^ i Li 4_jL£Lo 1j__jl>.j <J j^_?c_a 

(jjJ 4 i uU (_£J_J1j j-uj_L1 C^-ALjJ1 j_^_a_>.^M 4jjJ <■ u i lU ijjLa^jJl J_t£. jL?c_jJ1 
4^.j_<j_>JL1 4jr 5 4^^LjjlI1 (j-C ' ^"'""J ^> OJM^ -1 O^ 6 ^' 3^*^^ 

^*Jl^. i^LlLLil jj-* J-^' Cr^" *\jp&-\ cr^ *l td J ' " < '"'^ 

^ se La 4jr i^. j-j-t-a Lc ^ 1 J CjLlj-LijuaVl -i^>-J 
d_J_oL£^ *^U. a_L3 i ( j_u_4-iHJl (J^>- (Jj^Ja 3i>^ Cr^ (J 3-^ Lj *— *^5^ j-li-ujj 

(j Jjlj ^-i-^J * 4_u III! 1 ^JLq j-Li£^ 5j 5 ^-LjJ «Lc^_<_uj i I 4_L*_u I 66 ^5 

^ se La i ^J^J- 5 ^^ ^l^- j-i ^_Lu ^<u » j^Lq jljS ^j^jJLo 4800 jj-u^uIoJI 

p ,>%tl Q^Ibjj . . q\ >^~*^ <U ^j>. Jjt-^JJ ij-fl-u^Jl 0->»J 4j^1a «L>.jJ 220 
<? Jijlj ' la - ugll A ^-J- 1 L^'J-J^ pj?e_>Jl j-jJu-saJl Jbj-uj J-*-* J-L^ t—iiJl 350 Jjlj ijJlC 

,3,1 All ^j^l ^ 3_i5lSLI1 jUiVI J2SI 
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JUIuJ JUj-u (j^-Jj d i < n ilLi 3_jjJl$J2j 4^jj>. (^^ jlj J i u \ (jaaj-i e_i£^a£ 1j-aj9a 
K 1 in a i 'I I i n j 1( J|j_j!jl!! ^1 4_La ^jl i^uJI (^Jl t-J>sf OjljLa j! ^ 

tj-i-a (j^aaLa 2 4^L_u_a ^Jl (jo-u-J c_»£^a£ (j_a * 'J**'^-** CjLuJ-U ^Jl * 

• J-<-a (ja_il-a 10 4j3l i nU £J_A £-Lu (j*"^* < ^-^' ^ ***' 1 j 

Pluto d£d2t m£$&JI . 

4jJlxj Laj ij>a_<_u^/l t_i£aSL!l I JLA j_ai (j-a 3j_o- ( _ ;r 3 udlaJI »l a Ir Jlj La 

. 3_jLiU *LLl2j (jJ>L*_a (j_a QaSLa sLLtJj I Jl>. 3j_u£ 4isL£ 

5u>-jj) 220 I jut Jjj-a 3 U ,„j~, t | Sjlj^JI 4j>-jJ) q] Llalc Ijilj 

^JS jl t (j-i-taJL I j fl-L^Jl «L>.jJ) (j-a 1jl>. (^j-Aj t^-a-L^aJI dtr»o 3_jofLa 

Sal'-x" w ' ^* a ^ jl JlJ V i4-tliL> j I tLsclauai i^jS *!j-<-u 3j>aj*.j^ 3 J) La 

. 4j£_a-a 

J_La J)Li^5jl J-^lj (j-a jjiaJL t_i£a£ jljua LllLHI »l a Ir i. mix JlSj 

jJLjj ,atlU~.,„Vl jLi ojlj-a j! l-sjjj-U ,j-aj 1 1929 ^Lc ^ sLaLi-^l 

(_j-3 (j ii a i"i II (J^s- ^JJJ-i J-^j? 'J-" 1 U3r!^- a 5880 (j ii a i"itl (j£. tfjuu 

jn^ti V t(j n a '"ill (j^. I JL>- 1 Jljjlj 3^9!) c_^a^ jL^ Ltj . 4 j 1 aj t fiLu_o 248 
JJLjj J-Aj ij_la ^ij^ 10500 (_f J-K-u V ojjt^S jlj £b-aL>. I j~» ui 1 (j-a ^Liia VI 
4_j_Lc (J_LUi I j-^Jj i J)l j lull 3-SLIL>. »l a i .1 (^ 2 lu ■ a " 2 La Sj JSLJu (_,lr LJ 

. jj^Vl ^jSLII 

<G-La-C Jijaj i£_aV J)j_<j/I ^Jauj jj) JJJ-L S-^i^ o' ^lia^l *Lai^, JlSjjljj 
jLiUllj Luj^VI JiLa JLajtlll i3Jjj inll SJLs. (_ ;r 3 CjljLc (j-a =ULu^ <LagIa 
.SJa^LajLlI i_<^ljSLII (_y3 Jlxjj ^pjl iIjLi^jJ.1 J-J-aJvj 

^L-tia-fl 4__LLflj_u 4_i^ ^^-^ Lajut^,- J_l»_JI 1 51u 1 1 (^^ La-ij-^o-iJI (^31 j t uj 
i4jj uioJI SjjjJiJI j^l J) jl i 'I i"i . . jjaij t_j£j^ (^ I i(_p3j^/l 0^5^ (j-a 

(^^ J^J-JJ V jl i«LL>.jJI tfJUfc (J-^ 1 (* ^ J ** ^ Lljj-so (_yjJI J-^ljjJI JLs-l jj'Cj 1 ,1 

LiLiLa La 
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4_a_LlSLj (_gjJI ij^yjLjJI j_o~jJ! t_^jSLI! ! j^j QjL2j (j! (jSLx-s Lo iA j . m i"itl 

^* i i. ■ its JLJ 

(jVI SjlSI i .I tl o^SLa llj • s Lj^>- cjLLjL^ I j jl** (jjSLj (jl Jjiiaj V i4j^>. 

LgJ l_Ljj^*_o (jic Q^jia 300 (^Jl _a^. (jl ii±LLi!l »l 

(jj-S-J (jl Lai ^jje_c_J! oJLfli (J^s- JJJJ Cr*"" i—i^IjSLII (ji JLu i4-u£j£ 4-aiaj] 

LjJLc Ij^>- oj^j jl i3j!j->J! aajjuiu Q^Sjli Ljlo Ijl>. d-yj^ 

. d j Tr-ij^l LuLiJtj ^ g-u ui Sl_o~ I g-Ac p j^" i uj (jl (jSLxj iSj^jJI 4j^5jLS 

Jja^/I (jJL": pu>o i_aJl 300 (jJI^- i<Lu£jSLJI 2 ik'.SH cis\ j j»>5=-cJl (>J (jl j 
(J'C ui i 5l_o* aLuL) ^ a i uJ cLiaj-lLsJ I L^jijJaj L$jjIjj>. «L>.j_} i i^l ^ I ^ * ■**'" JL9 

r I i a a 1 1 (_,-3 (_£j^>.| 5jl LjJLs. ijJLLfli (jjSj (jl g-xLaJLj (jSLaJLl (j-oj 

(jl l_<JC_JJ-(jj^_II (^ jO_flOj^>.J J^llxj (jjJJS-I «Ll^jl (_£l (j£. jl-U^. I. iT j" 

*p-#-J (JL-^ajVI 4_ljLss_« l_Lo*l^_s Lciui (j^e-i 

^ Su^jJI djl_ol£L!Li J 1 1 1 3jL>- SJjUeju (jLvujVI Ljoi ^La 3j_a Jji 
IOj-l^jjLi 3_uLiaAJI 3_£j-U c.MU? Laju^ 1972 (j^jLo 3 ^ ciuK njjSUI 
.Sjt'U CjLjVjJLj <—>-& SjlcLs ,jji Pioneer 10 

i I * & j < >■ p 1 ^ * (((^j-jLUa-s j i"i"^-d)> (Jji (^.a 1 0 j-_ljj_iLi di_iL^ 

i4jL>.jJ| (^sjILilj (_^II 3j_o*^J1 5 t ^ t ' a 1 1 dul^j i(^g^"i uiXI t—^l ui£[j i u2 

^ j^j^ jji_i 3 < 1 „| Mill 5^1 1 ,it,l ljr £ j Mim (_yjJI 5>j^-!I cj I j*C j^SL! I i_dl3 

^yjl LcaAJl aj >i 1 I j-aJU Jl^ i(J^**i uiXlJ ^tJjJLl 

(^jJI 1 0 (((^j-jLUa-oJI j Tl ">JL I » (J_t-ajj i n 1 «lL>.jJI (j^Jj 

(^ SjljLUI j^lj-a (jJI oLayLtll JLvujIj clal uiSu-ml JLtJJ uiXI 

j I La *j Jl^jt 4 j 1 11 0 i"itl 4cjjjjJ,I (^1 ((^jSI ' all j-jHi<JLI » £-3 jjl i(_p3jVI 

jjj^sj I jtSL&j licLvaJI jUa lJiJI 40 L*jJL3 4^,j 1 11) i<till *Li La (^Jl 
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i>jL_t-£5jj (jij Jlj V 4 1 0 j-uojLi g I Lea-All j-iHjt_o (jl *l_Uiti]! »1 o If 1 aj * ta 
Cjl_ul£Lalj Cj La^ 1 * a L$-ljJ 5jl < ta 1 \ aJJb (jl (_^=>j»dj i(ja£LJ! ^£ La SjLtia^. 
CjI—liLSLJ! ^1 . . (_L*I (j-o SJL^/j O-K-uaj j<u jj-aj 1 - I itaAl I j A , „lt 

i " 1 1 ta j — 1 1 j jLa_J! oLus ( _ ;r 2jjj i3_c,j|^ CjL>.L>.j ( _ ;r 3 OuL£ cH^' 

Lcl i nil i 'I i"i V » I Lta-j-1 1 lLs j se a <j^>-!j ' La '" I J ta Sj b (jl (J-aLj 

, ,i a (jL£ .(_^3jV1 (33^ ' ^ ~ ~" rt L^^- 1 L)J3^ ^ ^1 ifi LLkJ_a ' a 1 

ajL^jJI c^t-ibj jLiJj . (NASA L^Li) SJL^j ^ liLjj 

23x15 4_JLu/jJ! j«j*j>. J-Luj ' 10 J-i- 1 ^^ ftLuanJI j-jjitA jJt JjjsLc 
(JjUljO (jl i»dJj i^o_j_LaoJ^Mj <■ * ifrjJI (j_a 4SLu-m (j_a ^ c J * ' 10 rt (jr^_9 ijILa_u_u_o 
(jLi »1 aUTI J 5j * «j 4 iJJ j>.jL>J! £-jj-AJ1 ijr 3 !jL>. ' (j^-iJ-a-U (j-iJLA (J1>*J 

.(j-LlullI (j-U^U. i*Ll3 (jj- 3 ' " I j ^j'j^'l I sL>.^iII tfJLA 

SsUjjJl!! SJL-ujJ! ojla cjLj^bejs ( _ ;r a La (j^Jj 

Sji Cjl_j_jILa_a jl i ii jtl I (j-^ ' ( ' i"i) 5jj i a II jj_a ^ ■ eajj La^ 

2 I (jJt^s* I gja. jji 4 j*C 1 1 ii V CjLUa^Jb Q_«_l3 JLl^J! 3j j (jl <_3j|jj<JJ 

4_uL\II ( _ ;r 3 Qaji-a 1420 L&jJlS 4jjjjj i nU Jfla-l j" 1 j" i i n 

. 4^1 i ii a Itj (j^sjJLI j-aj (jij ' ill 'j' a i(c^aJ! Jix-l 

J (jl JLiic! (j-a djLa iQaSLII «L*j! ( _ ;r 3 j-J-«JJ «Ljj_LaJ! ^j^iia (ji 
.SJLj/jJ! (jjs *j^>JI I jUk j»j4ia tiJIjjl tjj>.I c-^a^^l (^3 4j^jJ! oLuLCIl 

jojsjJLi Jilaj 8 Binary ^1 . ..-sJI (^jLuJ! JLso 3JL^/jJI <ji-aj (_,lr j 

J J_>»J ^ jU j ( l 

jlui_u_u_u I 68 l_J 1 3^J-S 4 (jTlxuTu-i-o 2 I ) cJ^>- Jl;^] 1 Aj>. j_a (J jia Lui^-i (8) 
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(j-o j Jljjj ■ d < i ugJI c_«£"l jSLI! I J *j T jl i njll u ■ I ( _ ;r 3 (j ii g ."ill j j IaJJ 

(_<£j^) (j mi i"ill (j-o 0-lL\!l t_*£j£L!l (jja (jUa! JL3 » I ■ A 1 1 j.iliej (j! SJLu/jJI 

La-U^lj L^JjJa jJl-lj^ i3lj_l!j (J^>.j_I! i(_p3j^/l jKm Lvj^xj Lai 

. . (jr Le^i\ **.!**' * ( n I 68 1 LcaAll ^ use a (jr^ 

lj_& !jJj^e_j (jl L*j!j e.\ Lta-aJI »l <ilr JjLaj IjJ .(jLjij^LI ^ujls j«JL>. (j^. 
Voyager -22-jp. Lj_^3 (j^-M '<^jVjL»Jtl oj-* 6^3 .Uu2». j^JJ («J->JI 

I j * 1 j " I L^aj I J I 0-j-j_i^_i l_j (j- 0 ^JJ J"^' CJ-^J * ' J 1 <a **i 1 ( n j 3 

L#j? -rl i^all 3j_<iiliU c—^l^SLII c>j^Li Ji-l-i 31aL«JI SLp^l <>c- ci^JI 
L^JjJo 3iL^a 2-jj>-Lj^3 . jJaZj i_aj 1 ^ aUll i.°"i-»- ill ^jjLj ( _ ;r a 4l>.j J^Ial 

(J_t-£sl ^3 ^cj j 1 11 tj ["ill ^_aj?e_a t i£*l Juu t (^jJI ' aaqj (j^jJba ^880 

(j-o " S J 1 4-j-jLUa-iill LojJLa. £jL>- lSJ-^"-" LgJjj i no lillj Jjlj 

«!JlJJ <_ i J ~r "i i ii ~ 'Lj-S'j CjLa^iito (jisj J-oLi <JliJe-U lOl^ILajJLiSLlI 

JLaJ i I i j< (j£. SjLu ja£LI Lg-L-uj-j LuLpo) (Jj-23 (_^-II SjLajJkl /ojsVI 

^ inll VI 1 ,i'i Vj i^alm ^aljukV 3ji,io Mill Lilcj^jca jjLi- LlaiLjl 
iSii-jJI ijjigJ j_uSLII (j qUll i_uL>JIj .jjlajVl cjSjS" jjjLj «LU ^jijlj j-^l 

d A .^"Cl La CjJl>.I jjjjljj 2-jj>-Lj^3 I 3 1 1 — < (_^<JI Sj^LalLLI 3j^>-^/l ( _ ;r 3 (j-«SLj 
4_lj^j_1SLJI Cil j 1 uLa. d "1 1 11 Lg-j-Lc i^Lu^pSLlVI 3j^>-VI ^jjo joijtJI 

4_L>.j-Jl i>J_A (jl 4_lJ)^_l Cj1jlJ^_o 4j^1j (j-* L^H^LLs J <i"t 1 nl La£* i (jJj^_L4_a^£") 
. g I , >. Atl j . ^£ d j n Ull Cjlj^?E_Ul j«_At (jjs j-pju 4_iitjjLi]l 
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<j-a ' i aJij (jJajeju ■■ Asteroids cjLSLj^SLI! <j-a ■ Lajj uJI I j-a> jl 4_i3 diu V 

4-Cj_«_>J,l t_x^lj^. (j_a L-i-uaJ (jx. V n_ al i'i'v" i nVl CjLlLiC. 

«Ljj) j<u-ul liiiill »l olr I galg jjlUl iCjLSLj^SLJ! (j-a SIjLkJI tfj-dij ■ 3 j i ii <i uJI 
»1_2jI pLSjl Caj) jj_a ja^J 4jjJL>.| La i_u i nj . L^j LcjJ IjjsLfl La_LtC (»l o i nil 
-J-usLsJI ojs^JI JLilj . 3 JLl«_l!I 4jjI fl I nil pljj>.^/l J^J ' ' "'^ 1 ** 

JL>.lj J^-* ^Ij^ (j-u L^aL^tj>. I ^jljlu CjL»£Ljj£LJI (j_a Loll C?~^ ~9" > * 

I j '< Ij L^-La j>j>U.I liJLL* jl sUJjlII juc j^j-IjJI lSIjJI j ijj-o >L£ 800 j 

CjLLoJI (j_o 4-C j-gje-o^. i(j n n i"itl (J^>- (jr^ *— ■ 'L^i^*^ * J-A jJjGj 

p_«j 1 ^**'*^ da r< j aj ijr 3 3j-j_>JI i. 1 1 1 n" ' g ^ L^aAJl ijr 3 4^t_iLt_u pljJsi . . ijr; i£^£LJI 

i Lajjj^j L&j-jjLt-^ iCjL»£Ljj£LJI ^jla p La * q j . »1 gl*l1 j-j^tj (J£L*Hi3j I uu \ 

m£J_JI ^Jt (J^-^ p J La lxJi I J_fl> jj-ujJj t(j n o Mill (J^>« jji i-Lajj-ilo ijr 5 4cj^_a 
tfjIjLo <U CjLSLj^SLII tfJLfli (j_o SjL>.lj (J^ (jl (Jj iQ n <i i"itl (J^s- Ijl J-o 4J JLajj 
4_Lajlj 4j| 4cjjij>J,Li 4lajjj V Lx-il^. iq u a i"itl J^s- 4_j3 JJJJJ 4j (_j^sL>JI 
p taj jj^ (JS! * i l^Jj ui^l t ■ i ^ j j ■ p" rt J 
L^3j_i£ ' a se ~ p-j iJa-j^ ui II j_£j_a ijLsol ( _ ;r i CjLSLj^SLII JJLc Jjljluj 

1— a^l ir-il (jl (jjj cjIj_U cjIj mit L^J^Li. (jl (jSL«Jll (j^s jl i^LiaAJI (j-iL-u 

. Iji^I j LiSLjj^ 

(jl 4_lSLLxII CjLuljjJI (jjs ^ ■ eaj| LaJLl^, iCjLiSLySLII tfJLfli O-j mm^I Ji^j 
,_j^l J^JI lil! j J-a (_psjL»jJ 4jj^C JJ-jJ i(_gj" miU jl J-aj jjj-ll jl JLo 43 1 i nU 
jjbjll IjLfls (j^j ^jmn Mill 4cjajJ,I ^ (5JJS.VI (_^ljSLII jLiul (>u pjLUI 
^ ' ^ >" "XI . 4 j i ,i q ("ill 4c ^o_>JL1 a LtauJ (^^-t-ujJL^JI ^t_uLuJ1 JUu j-lajj (_C jJI 

.1801 j»Lc Sj^ JjV ^L<jjSL!I 

^ylll iOLSLj^SLII JLai CjljljLa ^1 tv.WI dJiill »l nlr Jaj.V j 

CjjJLs. (JLalo-l (j^. (Jjl i n"tl I J-l LLfliJ i4iILaj(JI (j^s joJLc ■ La ■ "J pljJsl^. JJLu 
4 < i n"itl i_XI oSLII CjIjI Jlxj CjLSLj^SLII «JLd> CjIjI J-o jJaLaj <_ i 1 1 n_i CjLoI jJaj^jl 

oLcIjlL^VI 
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j! jlo (j! Ld£ i jl>.!j (_j j~ i .I a ( _ ? a I j»j i > ii Jijo V (_£^jSLI! c-i^l jSLI! cjL^j_>«j 

l_£l jl Jljs t_gj~i i ii a ( _ ;r 3 ji (_p3jVI l_i£j£ i 'i a £-2j V i_<£Lj_$^ (_gl 

tfjl J-a ^^,.3 i_t£Lj^ ujjUalj iijL>. I jlj . 4 j i im ."ill 3x.jju>J,I ( _ ;r 3 j^s-l 

3_al i .I <u jjs-VI iji^s 1 1 j ! a jls-IjJI j i ii ,Jj ^LiLSjj (jJ La^iLa i(_p3j^l (j-a 

, f I , a All sLajLjJ! ^IjJa^l OJLA (j£, CjLajUU j^LaJtjJ 4i-uj/J JL>. jj Vj 
jLi^sj^M (jjjJa (jc ,jpLiL>JI CjLia ^-juojxIu VI n_gj"i uillj jtjjj,! (j-u 

. 4 j i<ij^I 3j£LI! <j-° S^jLtlil 

(_JJ_a iOLSjjSjI tfjLA 3j-Jj.S idliill «Uic JjLSj 3K Mia Jjlj 
3ajj>-aj S^qj-L^JI LtaAJI ^1 i ii-v^l 0 JL& (JK i"i? 3JjLxjs ^.'J* i-all 

IjJLS 4-IaLj£j cLaJcjs. £-Lu »l .'--.All p i ii-v jl (_3j|jJLi! (j-a-3 . Lg-b$£j 
(_Lal j_uLjj lii! i }L>.Lc ji ^L>J (jl Ljjl>^ ui jitlj jlj JU V i LLl*j3 
xtaJI 3-ujL>JI ,_£ja Jjutj pj <i -» U , „j 4jL^jI J*C uuS i2Lul jJI 3-ujL>JI 

I jSLaj iSjjlill ^LaVl (jJI L$3Lia SjjLJI i_aljJaVl pjk-." ^^lc L$-ia 

, >. Atl p , h"kJ1 ^ ■ < ^. « 3-iL>*JI l_5jj>.^I 5jL\**i < ill (jj-l^. Lt^tjjjG J-ajG 

V I j jl a i4jUJJ j«j^j>JI 3j_l«j^5 L^j^/j iCjLSLySLII Joj^AJ 3 . . nilLi Lai 

pj (j-aj i L#ja JuiJI (_f ja (jyl^. <— djuj\ (j-a Lg-i£LaJ La cLu jL>JI ^a (jja 
jjs-I (JSL<I/ (ji^. J I 1 A ' " " _?5 4*l| 8 i,a jl 4jjJLa sLtj^a CjLiSLj_j^ ijJLi^a 

. L$j jSu J-La sUa Cj Jl>.j 
I j -» U , „ I j| La^ isLaJalla j^lC (JK i"iLl CjLiSjjSLII ^L*a JL>- jjj 

(J i"i \ -j t ga 1 1 (J-o^Ljlj 4_j_jl_tia_ill ^1 i i>J_A jla pj (j-°J 3-j^**i i n a 

(j ii *C » \ 1 o m t » i L^aJ I ^e-j i n" (^y^-II ^!jj>"^/1 (jyaLi (jx. i a h . 

(jji£L*J V L^-La jj>.VI ill (jl JlJO i4ji^tla SjuiuJ 4_lLc 4iaaLcaJI StLua'^l 

i_a^Lc 4J (j-ujJ (_g jJI-i_i£jSLII ^Jajj/ 3^ <j-° s. j-itaJ I Ldul S^a i_ia jjjj 

^la ■ iJI (j! Jijo diljjj i4jjj (jJLcj ^ia • -It 4jjSUI jljll (^ic-^^j. 
4j>-jJLi id jlr 3 Ual , „ll S^LdaVI (j t& r ^Ir j^La J_lL->JI ,j-a 3 ajlaj w La « 1 1 
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i J_i_L>JI £jja 4JLilaJ 3 1 La * rt L^jL) 1 1 j« " lj t I cL>.j JL) L$_aL%j>. I £_a <■ 1 1 uLlu 

(jl— 1 n! ^" c ijr JI ^q_aLc} 1—4-4 i Ll3L>. 1(^00-3 (j_u£L*J (_£jj>.i Cj J-Aj mi La_Lu 
«L>.jJ (jy^. L$j| jl iS^LuiVI jj-uSLatJ V 4-Ldl 1 u a J^S-i-£3 jj_a ^j^oSLHj I J^j^ 1 
. cLlo-uLLII Cjl_&l_r»oVI ijr 5 I ' '• jj-uSLjLJ V £aJl3C-1 Sj^o^oJI 

i_i£jSLJ CjLj^ VI (^yjt La 3j_l«_i^i]! cLuLiaAJI ^1 1 ii-v^M aJJt (jLi i4iuJL>. 4jjJaj 

'lSj " "^ IJ ji>^' Cri^jfi ^3^3^ ^A3^ o' O^J-^ 'J^?-^- 1 ' J-SLib 

»^-»a (J J| a »laj. j 4j \j l-^Jj ^ ■»■ a '- 1 ' m i-^)Lje-Q-il CjjLs. j<u I 1 Lj-u-ui (jL^j 
.jrni Mill (J^>- p Laj * rt ^^J-^ ijr^ CjI '^J3^ 1 <■*••> I 3jjl_u_a 

J-jJjjJ! p U t LijLa 1 s I .'--.All ^3 sLajLcaJ! j»ljJa^M ajjt Jj^sI (j^j 1 1 j 

L^-La QaSjy SjLU jj-oAj (j-a (jjSjS L$j| cJjuj 1 Lg-La QaSijj (_^J-JI SjLU (jx. 

(_L^ (j_a ^ fljjjjm jjjLuJLlj j is ■ * II (j_a ^_ta_a VI La-3 . . (_p3jVI i_i£j£ 

. I ; , ,,<;"iU \^r.r.<\ j tiJLL* ^Jl 
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i^j .I o ."ill (j-o ^j. 1 ' LcL«-<i/ (jl 1 666 j»Lc (^yi i_fljiij^!j 
Llji i £j mi . <_>" o' 3 jLc ^1 Jlajj 

Lcl » mi j-ol (jLi i^j-Qjt_a ^£ (J^J^ J^>-1 (j^ 3 

Jjj-flj Jl9j ^ j LgaJl £j^c£ 4 iJJ j>.L>.j i"i i a ijr 3 Lu^_ua 

4 Visible Spectrum ^jJH 1 ajklj -j ^aJI L^flJ JiJ 

(jjSilu 'J-i-T cA?^ 3 ° lS' J I ^tjja (j ii g i"ill 

4>j-A j j i ,i"j .(Sji^I^JI Sjjlill ^ SgjUJ! oLjjjJ! 

' La i ^£ J- 4 - 1 L-*^-^- l^J-^*^ O^- ^ &' A l)^ ^-j-^ 
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AjUtl J^JbtUI jL^>- J I i aLiLaJU a La i _oj ,d Ah^t I j \l , ^1 1 sQjuJJi! 

i^jjLiJI Lgi!L>. t5-*-5 J-*>" ^^-^ juLaLl»J! (jl • Spectroscope 

4 L^J Cj1_}_}j-lJ1 jj_a 3-iJt^s-a cHjLc ^a-Qjse-a £ya elite La lju tjLm_u 

^ I j ■ ■■ 4JLjj_La 3j_fl>liiJ! oJLfli CjLut JL3j . 4-i^Li»JI 4jI ' j i a ic JSLIj 

. L$jL£jj>.j I J'J^j" Ci^Lu^aij I i eajl LuJ! (J-2-y =b! Jj i- iinf'^ i«LLa j-3 _ojj La£ 

dljj-ui IUjU-^ duu ^1 i 1814 ^Lc: j^^jjlj^ (jjU^I j«-JL*J! Jaa>V 
^3 4_u_*_a j-t-al_Lc. (jl i Laj La ~- ! \ ij^JJui q\ «U ^-tiajlj jug Mill ' 

*j La >■ 1 1 ' - «j ^ La till]} t. 1 1 1 ii ' ' d_iLaJl (j_a * J ' eaJI ' " ' ' n I (j " a utJI 

l^JcJa-m ^-^J *Lut jmi Mill £ ^_Ua ( ^fLa (j-a CI^lo-I (jy^ll ^l^xla^U 4_o* 
(_ylll « I j i>i^U 4-L3>aA! J I ^La^U 2 <ul La " L^ji j^a^jjlji ^>-JJ • o^J^' Cr'l 

■ (j . in ." i l l Sjl^>.jll 

V Lcj^ w fljLaJI Jjl^tlll ^Ir ^ j i r^i I i g j i a 11 (Jj1><J (^-3 4-aJLa-"i mXI CjIjjVI 
!j-a JljjLkJI CjLal ulI^I ^ I r C^j-b Jl^j idliill (jjs <ii£. ^ir 

liliill »l air c^l Laj i i^o^cl!! SjjL^aJI »lj JaVI i-sLiai (jjsj 

£_iLjj jJ^L>. JLiJUlo ^i_La_u CjJL>. JL9 (jo£LJ1 ^j^, (jl i u )*^\ ^-±Jt\-kja jj Laj (jl 

' a u<SLj r I i ea Atl a . Ij j . ..^ jjl^ (jjjj jjlj taLLaa. ( _ ;r 3 J alaJlS (jl^ LmJI 
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f.\ i uy \ • ill * l_L1_J! »l nlr 4->L>. (j_3j_jj_!! (j_o I q j aj itLal_-! -jj-LjJ 

fll i Mil C 1 1 j Ijj S> 1 1 (J__a t L&j-lC (j-a '(^-^JtH* -1 *— ^0 ' ja 

<__!j_»J,! «!j__ol (J-ii___j-_)j__Ll p j" ■ ulj > r I uf-iillAJI »l n Ir j-L- La____j 
(j_o ClLg.j-q.Je-a _jl i(_y->l -a-Lal i -Lj-Ial L^J jl i Lu-mJ Li] SjjLsJJ 

____!! j___>Lu_!I ___t_*_a 4-a_».Li-! (j_3^_j!j_3 ■ Lsj L-3-) *!_j__JI *j La >■ II 
i4_ljj_2J! ^j_5__J!j (j mi i"itl l_3Lj__Li ^ g-u ui l-_-Lj__VI C_j_?j . L^jjjjo 

i_j!j_>JU i ii a (_r-_ (J-"^ '*-LU (J-"-*^"-^ aUojjI (ji^. (J^ l_L_>j 



! j_a! Edwin Hubble _]_•__• (jjj.l ^L)_l__I pJUJI __i_- , _ T 1929 j-Lc ^ 

(jjJJI 4_-lj_La 3j_L«_J! i_j!j_>J,! l_3LlL_I ■ Laj La a. 4_ Cjj^Jo J___ t Ij y c 

j_al jjljjal Cj_I _j! l_LJ___j ip_l_j .a-a-La J'C i"m i< tuLaJI (j-a 

L__ 3j^>J,! jjlj (jL^ L«_> SjLjjJ! e_j_?j iC_Lcl < uiVI 

. 5j-_>Jt 1 Jju £_o Li J^Jo L-j-ui LlLi j-<^>" ^ 1 (J ji-1 1 
La Jl_L_l Cj j L<aJ| 4_*LlL> .a d se £ Li_i 4j1 c La_L*JJ < _3J I i3 JlJ JlC <__)jL>-J Jjuj 
£^a_a^1 j se 1 4_ui_lL=J1 ' ta^>J \ cL>.1jl j-u_o^j ^t-i-b LiJJj^ i Ji^a^a JjlLu 

^ j - u j Lai '« 1 ,1 cjVL>JI! ^-cjLj^pSLII LJLc-4jj-^- miU cjLljj^>Jl Jx.Lflj 

tjL^ ijJl .,^lj-<i^>Jl <■". "hj 5 t m.VI j i uj\ 4-5nlVl j jj^IjJI oL>.j_a 

,j_a ij^-j Energy i^LLJ! JLS_.il ,j_a J_>__- «j-__JI jl 
L^iic. jj-taj Cj! Jl>.j (j-a _)j--u j-kj i Electromagnetic 5 . ..jUI "» "jj gSUI 
.4_)L__ 3 __u_ |f _jj__>o L^ia (J_j Photons CjLijJa-Ut 
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gLt-tTu^Li (^aLi'JI Qjf$£al\j& iQ^j^All cbt-uia <_-<-up» dJaLLaJI 4_j_4^ t alxjejj 

ij j_j J J>-3 i^j—a (^j^-iLo Q^_iLo) Q^_jJjj3 i^jLuli Lo dJaLLaJ 

«p^» jQ-*-ul I J^^* (3^^ ^-L?-^ ^-il^^J (j-° 03^-° * u)^M (jl .^0-l.iljJI CjL>.^_a 

I j . ..A". LgjLa 1L4I0 <_aL^ jjlc La lilj njjjajU! Quantum 

(j-aj i L^J j^sLi. (J^alo L$J ClLcl * uux\ (j_a • 1^ 1 ) (J^ cLs. j_aj .^>.^a-a (JSLtlu 

tijLvjII cijt j oLcLoji^l >Li*a i43L>.jji JI^LL ^L^^l ^Jc <-Sjjtlj LliLa 

CjL>. ^^j-A (^**< a u '1 ( n j "•<- ^Jl jLlaVI (j_a i-JiVI d * l ga * (j-a) fiQjolaJI 

j i^r <j-a) LgjLa-j^ J I jJal j-Lu ^^Jl oLcU uiVI Lai 1 Radio Waves 3_jaj.>!jJI 

( _ ;r jk (^ "1 n j" i 1 . i l l ,j-a *j^>- ' — i-I T 3jLa (jjs «i>>-l 4_uLaj ^1 j " n j" i i .1 

(j-a) till j (^Jj ^1 Su^iVl j Jnfra Red ^Sjjl j^»JI Sjl^VI *l j-*oJI C^*j 

-j ' ga 1 1 ( Jr -A "1 a j**t f i nil (j_a ( £X_I T 3jLa (j_a 4-*->jl (jj-IJ t— kit 3jLa (j_a 4_uLaj 

. Visible Light J^jX\ 
j_Lu ^^1 cjLcLkJu^I dJLt i Ultraviolet 2 . ,tl Jj^a 3 < uiVl J n uuj 

^0**' aj**t f ' nil (j-a LJ^ri-^ 3 0*° ^-^^ (jr^i <— d-ll 3jLa (j_a 4-*Jjt (j-*) L^jL>.^_a <J1 ^alol 

(j-a jls.Ij (j-a) X Rays <j-u£l SjtJui ji 3j h~ < ..II 3 < ^Vl ,j;j-a dili Jjlj ^Ljj 

ijr 5 dJJjJ cLjJLlII d * mi^Mj i(^IL*i_u_u_aJI (j_a LJ^ri-^ 3 ( — ^1 (j-° ^_^JI ^j^aaLa 

LpLvjji J^Ja J^j^Gamma Rays 1^1-^ 3 . .^.t p , „l , 2'a^ .1 1 ^ a I j 

. (^"1 a-Lu-mJ I £j 3^tLa t_iiJ t Jl>. 1^ ^2>^ 
Lajjijj £-a I j i n*\ r i- i < "Llu i«L>-jJLI JjJa (jl d la a. ^ I Lj jjJU>- jjt La^sj 
*g J **" Q-"^*^J Sj j i r-i^ L^JI^iii QaSLj (jJLoJI JJpJI <— ! t oL>-jII (jl ^1 
I JLAj i(cjLlajjUI L^jI JLs-J Jo Liu jlj i=L>.ji,l Jala j'^" I n K 4j| La^ 

' "^'.'^ (JS3^ £ L«-^'Vl (ji>-J <l J m i nil 4j>jI/V|j LaLv 4j>jI/I (jl ( _ ;r 3 l. u < nil 

3_j_ojjIjJI 3 < ijV| (jl (j^v i3_ljJI tijLijLdl 3^- i h'iV L-a^Lj^l Sajji^i 

. LaMUl L^ij3 V (3^1 SJL^) 

: ( _ ;r Lj Laj^ LgJt^Iaij CjL>.j1I (jr-ij-T-l" (jSL<uj 
(j-a ljU>. Ij j 1 n _t l«j^>- Jlaj ^j^l (jl (20-J< iUI) ,>9 Ji^M: 

, \ Jl>. J^-uJa i_Lajj-iHiJ VI ^jL-ujVI JlJlC \ Lta-JI <L_uL>. j3Lu V i LaL>. 
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If wgbll j* 

^pJI jj^sLL«J! diioJI * Laic ILluiJ k rnUt l <jf 

.^j^?E_tJ1 «L^j-j>. «Lcj-i_u (J-uLlSJ p golj - oj l doLaJI (jl^ lLUj^SLs i^jj*_(J1 (J^^J 
L_uUJj Doppler jJLj.} L^jI^- 4-iA-i-ila Lvlaj O-ulI J-^ij 

i_Laj>.V LoJLt^. CjLJuj (LjLo*! 1 g-iic (jllaj Li^ jJjjJ jJt jt) j^JJ-i 

Ct-j fleJJ 4jL>. <Jjiaj t^uSLtJI j^ji^j * <L)jIiJLo dul£^ i L^jJL>. juu^Sj 
CjL>. 4-uftiJ CjL>. j-o j-iIlIIj p. j-L^aJl £)l Cj-o-.j . 3jjl1j-o duL£^ L^j JL>. 

d g 7-**' a cjIj jJI liUj o_iL^ 1!iLs i4£j->J1 i>L>oV L*_a3 d L< ■ * 

. l_Lo LjjILd-a O^- 1 LoJlI^. jLLaJill l_<^ l_ol_4-i ' ' "^* OJ-^^ 

i _ 3 _Lc ' ^ A J **' " ' ,j fl se *" ^ 5 tlaJI L^J ^^ylJI «L>.jjJ1 jjl (Jj till!} (jri^- 

Cjjlj 1 qK'^ tdilc Ij-JJLJ JU-^ljJl J^t-J CjljjJI L^j lLIj^L i^^Jl , „t1 
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CjI_Cj»j_u j |JLa!lJ " 1 2J| cLJl£- Lg-a Jlj>" i ii i ^^-11 4_2jj»LaJI j ...At I jufcj 
I gJLjLi uU (jH-II ' 2-jJaJI ajlaa. (j^Lija (jl j! iQ^SLI! ( _ ;r a CjIj^>JUj ^jjajJI 

i ijr J^SLI1 jlJLlI 4-jL?- i n \ jl Still 3_}LU J-i-alj-ll 

.(_JJ_a <L>.jjJI CjJLs. JL3 (jl^ lil La 4^jjtA ,j-a JU^sljJI 

^j5E_J| L#J (jjj^tlj (jy^-H «LCj-i_aJ! J-lJ_2j 2tjj I * i«L>.lj^M (JjjLl9 

Lai j U? LilLaJI »l n I r j_4>Li Laj-ccj ..(^jj^LII jLiJI SjLscj-u ji Sj^>J,l jl 

^j_Lc (Jj-i L4-4 ^ J.^** ' 2-iLaJI &»Ja3> ^-ua j-jjlj 1 j V 4^4j?e_lLJ tfLdJUsc^g 

^1 jl?- " i uLi ^o^*_iJI <t£j^>. i>L>>j! liJ-Ji (j-o I^Ijilj-uLa iL^j_>>j 

^a i Uj t-» >, 1 1 ^" *" LajU£. cGI-Lij^ia. (3. 1 ' " La^-jL^b-Li (J^-dJ (jr*-^ i J^ J J-^ 
Cj!j^5c_o jl ^j-><-i L$_iI dJJj-3 1 w 7" u-2Ju.ll Q3UI *Lp-Li ^1 1 2-iLaJI 

Lai j 1 a 9 d)L>.^_a w 1 2 * 1 H (J13-LJI d)L>.^_a i J_t-£s1jJ1 jj_a * 

U j a j_«j>.^/! Q3UI 4_o.Li ^1 L^agla , U j t-> ^ J 23 u (^H^' 1 l>?*i f^J^?-^' 

. Jlj-^IjJI jj^- SjjLLus ijjj^elu 
£_a i5_}JL5e_a 3j->JL j 1 (j-^-t-a ' 2-jLaJI ^^y^ lLs jT^-^tl CjL^j^o ^ »j I 2 1 * J 

JljJ_>J! A-3e-lJl 4_Cj-j_u j-]JlJLj jj^La-i i4H^,j-i_uj 4^j->»j i_aj^)-*ja jj>. I i 

s 1 1 a II cLajLcoJI 3j_>JU jl dJj^tjil 
jjiLLaj «Lsi«JI ^La iRed Shift j-a^-Vl Q3UI <Lp.li SLvlJ^I cjJl^o La ji^. j 

^-«-I1 w 1 c 4_»_a ' ■ « ' a * JL>. 4jr II Sjji < <•> jcj5e_lJ1 i^jli 4jr a cL>.1j^/1 

Jl^j ' w a J La ll da >J I ^—l^^-a iJJ _a 1 2 J 2 La 1 1 j-jjuJI dJJ!i ^jl t4-j^ i^i itl 

a j_a> I j j I c Jj-J (jH-" 1 .1 tl (jl SJLsJI aJJt lJ £ joJL«JI 

. 4_uLl]l iJ7 ^ CjljILa ^Lj^ 4jtx^aj jjL^tlij V «L>.lj"^l 

o^L£ til... 

4_Cj_<j/ li oj-ij oil Sj_>J,l (jLa ijijJJ j3i ^1 SjjLc 3j>.lj^M a JLas 

. Li^. j »~i jj (_j-a>j isLuLUI cjljHa jlj'Ctl i_aVLi jjl2j 

, U j La 3e j ^ ' *~ J '-*r^ 3 "^iiaJI si <ilr jjLaiil JjIjj ilLiu LjjIj tllLLai (jL^j 
tL^LLaIjCljlj^J.1 Sjjljjjjk: <Gl_o. i_2Sj (^jJI JjL* (oJLlII o^ct^ '^'jV' 
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. i £J Mill ^j^* 1 ^j£tsc-i 
v^jljjjJI J^Li. ^ Cosmologists (jjSLI! *Uic 'J-°' 6-° 6^ I fl^aj 

Ij^sl I j A I "XI La-j ^<5_j Jwaa I _L^J 4j*_LtX, I j'.al U jJLaj L^jUs . L^To jj j 

Ij la ' ' iu-LaJI 5_iLc ^1 p 1 11 olj^jjjiJLs t Lt_jJ| J . <aj (jj Lg-Lo 'UU-J 

^Ib ^jij ifiL^jL^ <LiLl*_i £^t_) (jl c_t^t_i 3j->JLl jj-* (jy^^l L_ii_L»_UaJ 1 r j i la 1 1 J 

LiLu.V! 

.Panchromatic (jljJ^I (j^l . n-». <j-o I j-Aj . 3 j . ..1 1 n-»Jl 

I r LjLtjj SjLlujJ! Cj!j_>J,I (jtj_«j>.t) liliil! »l a\c Uj 

Sj-gjvl ^ys^ju LaJ^lcj •j'-^ - SJ - <1 -' SJLs. OJ^' o' O^'j-^' Cy* ^ 

(jlJJ jL»jjV! jjl-J ' I .' ' "I '"' J 3^.' ' fl-ilaJI JjIjo (jV dlljj i^-Uslj J'n i"i_i 

Cj!j_>J,! jLk-jI j_jJl^j La-j . ■■ ' (jVI Lul JLs. ^1 " a-JaJI Ja j^-^ 4j>.!j! 

. L^aLJal ^j^>-»'a Jjjc^j 
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i4_u^_U3 4_u_u ^j^jJLo 500 Jju (^ylc jJI 3j^>Jt! (j1 (jj-tA-i dJJjLS i4_u^_u3 «t_u_u 
jIa jLiS' i_iJi I 20 <1c.j_<jJ! j-ipj ' £ ^ J ^ /j-*- 0 ' 2 *Lc^uiJ Lie J t" j" 

.iLojjja 4_u-u Q^JJ-a 5000 Jju (ji^. 4-uLlJ! ( _ ;r 3 
(jj-taj Sj^jca J-i-^J (j'n i n^j£-La ^SlLall joJL«JI (jSLx-i 1962 j»Lc (jy^J 

j_Llj Lie. jL»jjVI I j'^j i ■■ (j! J^-jj j'- 0 ^ ^ '^j-^ 0 o^ 0 @C 295) I fcilc 
4cj_<jJI ajJt jJ^Sj , -j . '.-.tl (jja '/.45 / j-la <-iJl 1 35 

(jjlj£_Laj 37 (J^isj '0" L ?' i.n^j^U i nAJiall £J4>^ w fljlaJI tiaiJ! 

. ((j^SLus j54) j_«j>.V! ^1 Jili! JL3 (j " n j llU (j-o i-aJi s jj>. jjjij£LJi,l) 
ijJ Lutj . f. I .'--At I I ilr j I I <i IS jj Ijl^J J j L^-ISU i ( LjjjL^a ^ I 3j^*-a 1 7 

jla ^LjS" 32 jl JLflXJ JLjIjjj 4cj_<jJL3 mXlj 4cj_<jJI (j-U '•■ ' 1 

300) sj-l^JI <ic:j-<-u '^U^ ^ L° jjiVI I jut j n~mij o' 6^-*f Vi 

V 3_jJL>. 4-Cj_<j/ i>Ljj_j_iJ! »l <ilr j-tij (_y£ u-^J (4-uLlJ! jlo jIjS" i_kJl 
^1 Ljj-li_i LeaJ La 3jL?e_a jLtlbl cLCj-*_u ^jLb 1 LuJ, I Jjlj Lijlj Ct-i-uLuJ 

L^jl till j itiJjLajj V Cul ^jl-J <j-°j^' (O- 1 ^ J-i- 0 1 '" *** (» C^jIS" 
(jl ( _ ;r 3 i. 1 1 1 nil jj>.jjj tjil LtaAJI ( _ ;r 3 stljLt CLsVcj-u±i liJj^tjj »t_g^AUaJI 

|jj>. 3jlj_«_i ^jjjclI! (j! i4£j_>J! tfjut i at uuS*! L^JiSUj V Sjj^>J,I 
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4_2-jj_LaJI Lot i4-fl>L>olj <1cj_<j/ JljJlxjJ ^ ji>-"i i n"i (Jj-^' ^ Jl>.J 

fiLcj-*_aJL) ^ <i i imj j LagJI Jsa^. pjre-LJI 4^jj>. <?L>ol 3jLi£. ^^j-^ 4_ulijJ1 

p_j p Ml j JJ ' Jjjj-La L$j_uLl9j cU_uLjJJ 4^j^>J1 t-Jsl (jSLs-ij 

"jj ' =a !| 4_jjl_a_« 'L^J- 5 *^ *J ^ ' -*-wtt 3_}Lctj tililj / i a ^-L^aj j I Laj * I 

( _ ;t jJI I JLa. 3 Jj» jtl ^> ^^e-tJl 4 jril-»J <U-mjJu tpje-JI ^Js j-a j-uJuJ I I * t ^ ■ '—'^ 
.4_uj/Lxj5 3jI j i -■» 2 1 1 SjHi!! oJLfli ( _ ;r 3 L#J j^Laj V 

»l i^-vj »l o i ntl 4j<-a^LJI ^^jaJjl (j-a JJLC »l ifTvj p g« i nj (jl (jjjJ 
^1 Lca-dJl w a a . p j » tl (j^-SLll (j_« !j-u_uj Uj-^>* OJL)" 1 ' p j t I N 
Lsjljj-a j i r-» jJUl J_Lo 4jI (j-IaJ (jl^ (_£ jJ! - I i a all-a^a ill (j-u p 1 La 1 1 

V CjL>.^-o ^ (jr-*-^ 4_ul_Ua_aJI ^1 < n~w^1 JUJjlII 4jLj 

3j-ALLa-«Luj»£. 4_jjLj_iia Sj^LLaJ 4_UajLc 5jLfl)l ui a (j-* 3 -^ . 4jj ui itl 
p Lc) p_*_o1 d jlf 1 jSlUT (iCxjjL>. pl^. ^l_u ^^y^ illlall pl^. 1Jlj-^j?e_(J1 ^gajj 
lj_o> jus-l i^LullII 4jIUJI t_jjjJ! Jjtjj Radio Astronomy (^^jjljJ! dlLUt 

i^J_LLSjJ1 L^xlt dliil! pi^. jj-* ^J-^" * 1 J-^ J ^^JJ 3- < l-' J p-l*Jl ^>^l 

.-<! , V. wit ^| ^ja^ J ' 1 "* " J 'OJiSLW^lj^^ UJJ^^^ (°-^ (_g J-JI J-^ 3 ^il 

.pJL^I fU^i! ^ diUJ! *ULi 

iiyjjlj J-a j ''"* (_^-!l =LuLUaAJI i n-v^/l CjLajUU Cj>L>- JLaJj 

pic jji c-^JiJI (>a o^j i( 1 945- 1 939) 4_JLHI 2lIUJI t_!j^>JI *LSI 

LaJLflj (^jjjljjl dilflJI i\ n Ir j»Jl2j JiiS .JjsLiJI jLojJI (^Islj-o ( _ ;r 3 JjJ^>- 
g^lj i a II ■ La « i *— C^^o-p-^JilJaLLa I j_j i ^ LsJlI^. i(_jj^>JI ( _ ;r 3 Ij-fJ^ 

JLt^sj ^ a* I Jjlj i i?~>\ t»l ' ea all ^1 o"! < nt 3j-^>.t ^_Lt-a (^^-^ jG_>JLI 
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' dial I si aUt I j * a a « J I ■ " ■ La c l'» i<LaJ-aJI 4jjjjljJ! CjIjijlU ,j-a I '-^j' a 
ijj_>J|j lLLJuJLi p i uTt ^j^/l oljlajJI C^jL^ J-aJ Lis- . (_£jj.i!jJ! »l ■ v»*tl 

d i "1 « i lj-o-1 IjijILjlj ^^-iSLlj 4(__p3^_a-i-J1 4_o_liSL] t_sLjixiSJLi_uV1 ^_aLijj (jL^ La^ 

^ .3 T " '-"'^ j(j '"'1 3.J a j J i aj 4_uLUi3 Lai i n-vt imJjjjIjJ! (jj^-JI 

.(jH-Li nil iQ^jjlII (jc <Lidj. » I • a a 1 1 

(jJLc L^jLa! j-a cjjjls. imJjjjIj ^><j i_aJl (^ic La t;r Lc. j><-*JI -^j 

CjLc j_a^?e-a I fl-t-U^Jj l_ao1j»bi (j-u JajjJL) (j^jSllaJI ^a-aj ^a-Jj . ^4^e_J1 4_Lajjj>. 
(^jjaLa .sUisjjLlII 4-a-ijJLJI Cil j a i .Till (jic Ijia^l *»•_' (jl 'jO^' 'siLUaillj 
<L>-L>. jJI jajjil I gjlc I jSlUT Cygnus 2^>-L>. JlJ I 4c j-«^*-a ^ 4j_jj.>IjJI ^4j*-JI 
. I jSLaj <Ls-Ls-jJI Lg.ij a i uj wtl I jjh tr^lj 'Cygnus A I 

(_j_fl> -I a "ill <_jJ3 ViVxX j»aJ*_iJI J-Jul Cj-iLCJ i4jaJjlj (j>^ ^ *^jL^ jjj 

Q^jSLiilLa i LLui V 2jj i^ajJI Lu^jju Lui VJ i Cassiopeia A ] ijr ^uj^l \ cjI j 

I j_]L£j a" ifrl i_£l - I i a a 1 1 (j_a ^ a-LLaj, I 4jLajJI tfJLfli l_aJaJ jaJ (jjjL-aJ! ( _ ;r 3 
L^-j-3 j_La_iJI lj-Lt.a-1 (jl (jj.5 wj 1 "*.'^ t_) jSL<ji1jJ Li (_g^m I ii tLi I J 'JjJ ' 
|Oxu> m£| ^JlC (j-a (j-\_ajlj-(j-ajJt (j-a fiLLj^aJa (J^L>.-1 ^4jL^ Jl^J . I JLlI 

jl LajVI ,jc LjLc (OJtl!l I juk JlaJ MjjjjIjJI djIjLiyi VjJj idJLLa (jjl tka 

J-jLj j— al (j-Oj^je-a (ji_j j»l J_uo ^_a^J (JLalo-l (jl 
. I i J T* ' j"' 1 " 1 "' <1>^ O^J-^?- 0 ' " ' " ' *° ' a I ^° 1 ! J-fli (jc I JL>- (JjiSJI 

Sj^>J,l jLpcl (j£Lx-ij 1 1 I U a 1 1 1.-, , La I jl ^^jclII (jij SijLai oLal i JLla 

^^jclII (jjk ^ _^ a J i4^j^ILa ^jjaJjl 4JLs.lj jjLlu ^jLill 5j j i a II jLUL^ 

I j ' i 'II i .i" ^a 5_uJL«JL3 i(j^3j^>J,l a, I ) La i a I *Lu! a^Li axi (_^<-!l 

jl in a ^-La «Lj La-fl>ljU>>l (jl_Jj-j>JLI j-a-i I-a£Laj mi l_A^aj-a j^Jt-i (j? (jjJ 
.^^=_Lll (j^s LgjLjjSU j_uijG (jjj d ajl i i i I a(j i a ^j^jcjj i(Jjj>.VI 
(j i n (j^a jJ_SJI I JLA cU (j-oJ-I i^^5E_Ll1 (j-u ^ mi" ill (^j-i^SLJI jLulJI (j-aj 

3^=-iJI (_j-3 *LlLc jjjk La-a Ijl uu 1 1 ^J-ujl 4jjI_JlII j» ^jJLII ( _ ;r 3 CjIj jJLa i Jar»JI 
CjljLiJI oJLfli jjj La Jjcj . 4jjJL>. (j-a j-a-a V j_al CjIj jJI (j-u a 'I i aqJIj 



90 



(55H-1I >" «-SJLaJ I pic 



CjljjJ! (j-jGai i4ljL* 3j!jj>. jJjjj i4_uLjJ! Cilj-laj tl CjLLa <icj_<j»j 

I & j J iaj (_gjJ! i n->JI ljufc (_gjjjljJI ( _ ;T SLLiII . j'a iCjIjJ.! (jji <j-U^La 

3j^>JL! j * ^JJ Lga-JI CiL-^ i nl"t1 ^ La i ul ^jj-a (j^^-i L-*-^J-i ' ^ J ' " 1 

^l^s- L*JJL>-J JlcLuJI 3x.j_<j/ dliill »l nlr i. . i ..->■ LaJ-t£.J .j_ojs-^M 

(jj_iLo 200 Jlj_lj ■> 'I -^~tl I jut 0^-° o' lS' '^Lulill >Lo jL£ <_aVT 10 

J ■» jtl (jj^j 3_uLjJ! lJ £ jUa ^Li£ 50 JUC.I j"tl 4cj_<j/ OjL£ I jl) Ca 3 i i .1 

- La 1 o^IlI I 3.5^ 1 g & 1 (jlj - La 1 ■■j" a 

j inj 3JjLa_o jti^. n_4^.LlI.I ,j-a j_uSLII dlLil! »l air i_sjL^> jjaj 
<_a^L>J! ^1 Llil oli-it <j-a e.j>. q\£ jlSj njjSLII ^ ^ol > ■- — >~ T 1 

»l «i I r JLa jlsj J 5l>-L>.jJ! (^j-SJ! ^^jjIjJ! jjl>J.I j-^jII (In^ 

^j^cJjl (j^. ^-ZuLil! liJiil ■ La i ( _ ;r 3 £-2j 4jL> i IjjLjoI (_gjjj!jJI dliil! 

^jjjIjJ! liiiil! «Uic Lol .Eta Lbtj Delta bJjj Gamma LaL>- 

JlSj ij-UsjI! I jut >l_<JLa ^tj-Lo 4jL IjJH jiii iLJIj^u! 

jU^sjjs ( _ ;r 3 LiliaJI »l glr 4j>-j i4xLj 4^jli (jl£JJ JjJ->«j (.^-Ij • ^O - *" 

dul^j ' A JJU ' ! l^-^L^J d jlr dj U ^_Ud^JL1 ijr ll Ltg-JI ^^j^£L_o1j jLo^JL 
I /^j U"a t_)j_Sj (jjJIj i Ll!Ij"i i .ilj IjjLsoJ LiiLaJI »l a\c i_3^L>J! J 

^j-SLi jQ-Ij • L>J 1 ^ ^j?e_Lj 1 jj-* 3 3jLo (j-* * Jj-^- 1 i ji 1^1 4_La^j jj-* 

<LlSI 1 ea a Lai 1 11 -v? Ijlj-J (j! («-^ i^j-uSLLall 3L>-Lia 5j| j-aVl ( _ ;r 3 

(jl (j-SLIj ■ ja-^JjLj'C 1 11 1" I j 3j^>-' jJ' d La S * II <L3»I 1 11 a SjjJLc 

( _ ;r i J-jJLaJLlLi l_Lj_«_a I j ' La " O^-KJ (jl (j'Cliilt ^ i i n"n I ^j^ 0 • 4 K uiXI ( _ ;r a 

S4_j^j^1jJ1 j 'I • ^1 1 jj-* p ' ea >■ 1 1 ! JLA i La i --j 
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j-lC -j Leal I (j_a ^ * 5 1 (ji • J^-j L<i-l9 * I r* ^ ia.all ^L>.j I (j_a l^J-^* ' d * ^ 1 ^ ' 
L$_ll_*_a jJ_lj ' ' all ' a ' aj * rt (j-a * O"^^ -1 Sj-AlLs OuL£ t(J*C i"iT1 ^ i Iaj * rt 

«l>.L>.jJI (_gjjj!jJ! p^*-JI L$jJ iSj-jj" i .I a «La_Lt>.| cj! j 4-Julj^ L^jl^j 

" 1 X t'n (j-Gj^ca illVjJt (jl 4£jjuz (j^Lal i(_$_JJ JI_^J I lLIIAjI ^1 J^r-'i i nLj . I 
. jL^>- a 'I i aj SJLs. (^^ cLuoSLII I i &3ljLc j ( I «L>.L>. JlJI ji J (j-°j) I 1 J "JT '.' 

L o j ^ c Jljv j_j (_-t-3ei-uj SjilSLi i Lt3j^?E-o ijr 5 i !jr i ^SLl 1 j LijlI |j j LiJ 1 ^ajjeTu 

4 Lj-l-ui-1 oj-ut-us *<Lijj£ JlSLtTo t 1 ^ t3 Jlj JlCj ^ a b Je A CiLLufc 

Parsec dJ_i_ujL_jJl (j-* cjLj-« L^Jj_U j-Lu -5 1^"'" VK ua] ijj^-i 

3,2 = ^LlCI^ Sju^j dJLojLJI) 

! jut (jl tixjO-J . <K (jj^JI Ur^ S^La i U i ,mI (jL£ LajjJ (jLsJj (jjj^-l + JLsJj 

^ j i aj (jjLilt CjjjLs. Jjljj Jonized Gas jLiJt ^ dri^" 3 jl nr Cjjl=>o 
Jl j^><-i *Lj!iij i jlj_iil (ji^. (Jl^tll! (_ ;r 3 Sjj>. cjLjaj^j-Jlj cjLjji^jSLlVI 

L&jLaol (^1 LjLo^l i_s Jjj La^a '(j I J i A >l i ajJ La Ij^u^ CjI i n->JI 
4 j I <i <tl aJJt (j^s j I ta h JU2j .4jjLt d j i njULLiLa CjVLtcjs (Ji-!j (_Jjj>.| Sj_a 
jLaoVI I JUk (Jila (j^ j^LuaJI r J ' a II (jl jJI Cr^J iCxflL>. (jJJ-^ * J-i^a 
Sjijjui (ju>.j|j Ji-l^JI i.ifi ii 4jJJ Lc-i S Laj (_gjJI j-A i (jjjjSLI^ I j (jjjjj-JI 

.Sjl^JI 

^Loji/^l (jj£j V jllcj i jUoVI I jut pi V 0 aJa^JI 3_lJL«J! ^ (jSL!j 

d ♦ La VI I ' gaj I j I i aj (Jj CjL>. (Jl ^ola I (j-a (j-^-t-a ^J^a iJ7 \^. I jj ' a 2 rt j jL-ajl 
' a uioSl-J pJj .4_j_ojjIjJI CjL>-jJ,Ij >lj_<ir»JI Otr>o 4jljI/VIj w i ■■ a I xll i^jS 
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j ui£ iJ? J1 J_La VI 4j^_]J)IjJI Cj Lvj o 1 1 3jL>JI (j-\j>.j)j JLi^JI JjlaLLa jl JU-sdI 
CjL>-jJ.I amj (jl- JLi^Qjl 4j>-j (_ ;r Lc-(_£jjJ)ljJI illLill »l n lr <_SjjljiJ Luj^e-a 

liVI 

(J^l JLjJLl£. «L>»j_U C^-)l^ il_jjj3e_i udjL3eIu Jlo^JI 4jL?c_i_u dul^ 

^**( <iU I I ii 2 I 

ijLiJI 4_Cj_<-u ■■ j d ' ^ j 5c i all «L>-jjU (Jjla (JjjLlS (j-a-3 liJJj u-l^J ' Jj^.' 
5-iLa- i ii t ~ j 3e LaJI £_l^>j_U (jl i(_£^jj)lj_!l w SllaJI ^J^"' ' IjiSL&j 

. IgK L^j^icj 4j_5jj!jJ! cjL>-jI! (jV i«gL-uLls 

CjI j_ui]| <_ i i ii ii i. 8- '-*- ill ( _ ;r 3 3j_u£ I 'j gj. (_gjjjljjl lilLUI »l o Ir JjLuj 

(jl) jj>.I c_i£j^ <j-a 3-<£j> c2jLoI£ L^ojiii^uj (ji ,_L«joJ.I (j^s ^pJI t 3j<l i ,i>UI 

.4_lU3jVI 3j£L!I (jK i .i t (Jl i ajVI 2JjL»-a ( _ ;r 3 i(cjJL>-j 

Ij^lU ij .cLujSLII L^1jLj/j li^-il «cjl_ijl£LII » llIIj ^jJ «i I ■ a 1 1 

i(l (<i^j 3_u^SLII 2lcl j^l) 4jj-jII ^> jir" i m" (jlII JjLjjJI ajjt 

4cl jVI o JUt ^aljj p 1 1 ."ii isLlUsjVI 4jjjJ)IjJI CjLij'C i nl'itl ic^u i.'mi^ Ssj 

<.iji.it (jl^ Uj>3 icul jJLi 3->->t.l tfjwjJ ijj^Vl v^jLoLSLII jLoi-1 <_ . j . Lai 
>Ltj| J£ Ijl uujl Ltjii^ij njjSLII cjlji i U i ujI jji^-jjjLL^JI Sji (jl 

. 1 . >» At! 

4^j" i"i a 'j gj. SjlJj i Lujjcjs (jrtJ>-j|j JLt^JI uti u 4jj/IjJ) C^jL^ JU5j 
CI^jJI (_,-3 ijsJLkJI ,j_a 3Jaj_oj_a «Laj| (^ (jjiJJ^-^'j ijj^'*^ L$J ^La 

(jl ^ ' gaj| JLoJj . 4jtli3 cUtiiS . . Luj->JL 4jLaL^ Sj^j-a (j^jL>i^t_i j-UsL>JI 

ijijjajJI I jj'a JL>- jj (jH^' £ ^^5^' ^J- 3 ^' CjLilajtla j i~'i h (ju>-j|j Jtji^JI jLc 

Luj^E^a J-t^j (jl ^cjJLi 4 L^lj^ j '"'^ o^ 0 * > j^- i (jr^ i 0-1 

(_gj_>oj (jr^j' (jU-^Lij uJjJ (jl LLjitS ir^ill JLjJlJu !j_al JJLjj 1 fll-wl J) (j^ 
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L^J^Ja > U ^'a SjoJj *L>.j_a (Jj-ujj V LgjLa i(ju>.j|j JLi^J! 3j j (jjl-JJ LaJ_c£,j 
-jj^jjjjjljj! I Laj ■ i Ij a" i ii a I agio (J-<-ujJ L^jSJj ijuajluu u 2 I 

j-jt 1 ^_ t _ J lli ^jt i4ai_o^j)j JLl^JI i la^la^Ji i-(J < -^Ij"! 1 t_£LjiaJI lj_& 4_jjLa_a jj_a 

<_ i x i ii " q i3Ja^La_«JI 4_a!jjJ! i f tj I • ■' i *ll ml Lt3j^5e_a q\ ~ i eaj| JlSJj 
£j i^l t_)J-i^5 JJJ-J-I •'-J (0-J j_£j_U j U i^i ;_Li-l J-!! ^1 (j^jijJLi^JI 

(jSLIj Ly" c ^^*" .sLCj 3-aljjJI j^j-a 3j>aj>.jJJ 31 j-JIj . 4-uJalll 

La-$j J*i_j_r»o i^jLslj-s t jl_i^a-i_}lj ^jLuso ^c->*-i JL>> ^a-i Luj-flj j£jX\ i la - uj ijr 5 
LjJL>. JJ-jJ I 1 ila-peJ (_gj-!l »l i a all (j! j_lC . Cj Lijj jjj-J I (j-a sLaj^j SJLt 
aj a i llj i4_j^>. 4_a_i£. ^JlLa ijy £Lj_al_uJ 3j->*Jtl (jl jl , VI Lal_a_l 

Jj^seJJJ iCj^x-ij j uU j<u jj Laj 1 I (jjj-Ia j j i iilj 4_iaJ^i!l £j jVI jjjj 

jj^ . I ^ **' I **' ^ <■ ' u> 4^l^_i-u * i^Jij 4ojj^J^o-u ^a->*-i ^Ltia-u ^IjjM ijr II 

4jjl_>JL1 r* 1 lcs-AJi L?^ ^ JIJ ' ' ^ j ^ j^- (1)-° ^J^^ -SJ-a t. < se i ii ii ^oj?e_lJI Cj^_a_i 
1_$-JjJJ L$_jl_o* j a" i n"j i^ajre-LlI ^j_a J_]JL>. (Ja-^-l LaL>. 3jLa (J o i n 

(.it i .1 (j_o j-lISLj j 1 1 aJU ! jutj iTaurus jjiJI ^jj Crab Nebula 

45 La 

j«-lJ-<-u ^La lillj J-aj liLajL^J! Sj_>JI oljjjj|j_Jlj CjLl^pSLI'^! a 'I i -»~ (jjjLui! 

^^.^j^LlI cjI j ^-Sj (_g jJ! j 5 j ui II jJLi jj i^iU jl ij_UsL>JI 

jjjut-a j^)^ ^j-* lJ^t*-^ 0 ^- tJ ^^3^ (J^-»-4-i 4j^j^Ij CjL>.^a jJluu iCassiopeia 

jJ—ljj 'J^* 'i J Jl-lA jJLt-sajs (j-a 0jJJ_t-£3 »1 a U II ££^u ^jJI ^1 » mi VI 
JSLillJ l-ilj^tlu ^jj-Aj ' J * ' II t. ' se I nil (j-* 3 ^JlC 4o_lA ^jji^. jJ-LaXI I JJb 

i4jaj^ljj| S^JL^J,! «.lj^>.Vl (jl ^jj^ljJI I'lliill »l nlr Jl>. j jLaS .4jL«JJ Vi>^- 
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C—t-se i n II Lai t4_uLJ1 ijr 3 300 j se » ijr JI ' aj «Lcj-*_uj l_Lo » 

l_Lo ' . 'J "' " LLo~l i 'jr!-*^ liJJ j (2>^ ^ £, J-"- a ^ ^J^*-" LjjLfl Sj"^ U 

(—iljJLaVI 4-g.j i ii I (JjLkjs (j^' U-° Jt!-*-^' y'j-yj iLift J +"m~ LLo-ij 
. 4_uLJI CjljILojijSLII ,j-a i_sVT SJljlj i jLujj^U 4_Cj_<_u w i a-af 
. C-t-i^fcJtJl jJuLaXI 1 JLA I ui ra iS'j tj-^aL>Jl C^^JI (jy^>- 

CjL>.j_L! (j-C Claaa (j-^' CjLoj 1 « U l£J I" i(J->«JI ^Llia ^1 Lj-Juj5 jjbj 
-i^^J J ' ? tJri-^ 'Ni ' 4 3 La * 1 1 aJJb £yz 3j_}L-aJ1 4_j^-)_i1jJ1 

i( ( _ ;r «-> > j jLa^j!) Lsjjjjjjj/ jLa^iV L>.j_<jla ouL^ Ljjl jj* i4jjjJl!I 4j£jSLI! 

Sj^c J-Lu '^■J-"-"^ '^S^stlil 3-iLtl (j-o 4 ir jj-i ^ 4_jLa pj 

. 5 ^Jl 4_uL\!l ^ ^!>la ^JLiSLJI (j-a <_sVT 
jLiJ! (j-o 4_*i«-a 4-1 La- i uj j»lju^j 4-JL>. Jl3 4_3jJ_2ll 3.jLU tfJL&j 

4jL»jjJI Lie SjujlJ! 4_o.LJ! ^jjs ^23 LsjjjjjjjJI 3jLo (jlj i^jSLI! jLJlIIj 

Liiij I J-C: La i L^ L^I jLAJI <_^- m i ".> L^fJJ V e^p. tSJSL^I! 

JljJjlII ojSLI! 4jL»- i nil 4_aL. J^v L$-l3 <_ .< i u ^pJI (jJaLAI 

H_g^jjljJI lillaJI »l nlr I . ..Ij U ^jJL (j^ill d ' " I * 1 1 ^-^J"*-" dl^jaiJll (j-o 
p U. . ^ j 2jj LajJI jL^5j^/l JjJl>. ' aL> J^jJJ pJL«JI ( _ ;r 3 iJlije-JI <j-d_jLs-a 
(_gjjjljJI ujj'C i nl'itL Ltjj^sj (_Lt^-i i4_j^3 SjjjjIj '"'I i j J i aj CjIj^>J,I aJJt 
(_gjjjljJI dliill »l n\c JJlxjj . t_gj i a j 1 1 i nl"IL Lt Jj^jj (j-o lj_u^ I 

*j La 3 J-Lu (_g jJI-jLajJL jLtaiJ (jj^jjj j<u i4 t ujj_2j 4_2jj_Laj jjLuaj.1 i>L>>jl 
^_jl_Ua_iJI CjljL>.Vl i n a ^-t-^J 4_<i^_a-j Lla 1 4 nm'v iJ3 JI^>. 4_i^^j 200 
ijLa^JL Jlj^sj^j diiill »l nUI (j^Lo! «L2jjJaJI tfJ-^JJ i4_uj/LUI j j ■ * II JoLajJIj 
CjIj_>JLI i_3jJ| (j_a Ij-jiii^ JjljI i4j|jJI JLa JjJL>. ( _ ;r Lc. CjIjjcjs J-»-aj (jjo 
. - I . a a 1 1 4 , ,.tl ^LaC^/I dJJj ( _ ;r 3 4jjjJI JLcji (tt^-jj cH^' 4iaL>JI 
Sp^jLtjI (^3 (JJjjjIjJI dliflJI »l qlr 4-ajj-"i i iU (_gjJI La (jSUj 

dJJjj ijaj^cJJI SJjLt CjLo^Lla ^gjjjiljJI dJiaJI »l glr i_sLUsl JL2J 
Radio 4_j_5_jj|j_II t 4 iuL -»JI Sjujui 4 j*C I . ..V SJ-^I ^ljLir"i . ..L 
jj^. L0L4J oj^-" o^- ^jj (j La »~ 4j_jjjIjJI j_tlimij .Telescopes 
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LgJ 3 1 1 nilLi »l n i nil lJ £ f-><^ us j^< J^ 5 ^' LglSJu (^ylll tiit 

4j^9 ^ LUs^-Us Cj JL^t-i j^-T lJ^ l Sinus 4_uLa_jJI * Mill j«->*-) (j-"^ 

4j^jjIj_II CjL>-j_U (jl . I «L>-L>. jJI 4j| i ( _ ? jjjs j^c (jj^J -sLCjj "^P^ 

i^aJI CjI j ! i ntl (j^J^- 0 4^ Lac I £-Lu iJjLa ^«JLc (j-lc (Jia-i LtLtjo 

,j_a 2 jj Lag] I j-JaLlU (jSLajj V i3_JLo. jLtji S_uLii3 i i ill * 

4j*jiU 4laL>JI vZjIjj^sVI JaLSlII Ja-I (jjs-^jjjljj! dJiill »l nlr ^La JLaJ 
j_j_«^>>j 4 "iiijUjj n_gjjjljJI j Ua-U I *j^>- ^«-&lj j-j^I Laj|.l 

( _ ;r j|j_A w I c Laj^jjj Sjjjjljjl S^LLaJI £-«^><-! ijj-o-nJI 4 Lu3 4_ujij<-a 

.(^jj^IjJI LiliaJI «.Uic I^i.ijJLlI 
d j I r Jj I LaJ La jJb n_gjjjljJI dliaJI plr d n uu^l La t_j^c.lj CjJLs-l (jlj 

.Quasars cjljjljSLII jl ^^=JJI oLJul ^u-ul 

3 i o-^ (j^La! I^lic l5jj^I >II diiiJI *UJLc (jK 1961 ^Lc JjI /\ jlla 

CjLi^'C i nhll u!)Jl>.jj 4j^j^Ij CjL>.^_a L^-La j JLLtaJ t»l lc3-AJ| (^j^ ^^1 ^_a 

j»j_>«j (j_a L^Jjj j"r La iIJls. r~J 1 eaJI 4isL>. Lajjo j^ljll eJJt ( _ ;r 3 2jj i a xll 

I jLjjtj dJj^tjj (jtQS i L^jJLu/ i 'II i n" L$j| Jjlj Laj^ ^ i eajl . Luj^^a 

^_LI L^_ll I 0 a (f J-L^JI 4-CjuLU (JJ3 JJ j'T s^3^>- t _ J? _I1 ' 4jLjl_A CjLcj-i_uJ Lie 

(JjLi I JLAj i L^3!tjq jLljljj j-JLt-a p i n~>J a jj ' Cj^Q-* La-a 4^LLs juiij j-uSLi 
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J « mi U j>o (jl-^ Uj ^j'-^J -I'' J <L)lj-C jj_a j-LAJJ l_t i^-lLuiJIj «Li_uljjJ1 
t4_£aJLJ1 4_JaJ.}ljJI CjL>.^aJJ 1 laj jl l_uj^?e«a ^JiJ.} ajuJuus f>^>^ Cr^- 

Quasi-Stellar Radio Sources sLj^j.jIjJI ^^jtll! a\ < uil L&^Lc. IjSlUT i Va 

Quasars cjljjljSLJI i Ijl i alj. Ij 

(j_a <_sVT 4_«_Ua_l i— a I ulI^I j<u ij_U3L>JI ojSaJI (^yis-J 1961 ^L^- J-i-aj 
LiU3cJl£|jl i Lia 

(J!laj I JtSL&j iQaSLII ^jjs [lc p i n-%. JjljI Q5^Lj 4jLa 4ii-LiL>JI -Qi)l i ii a (^jjt 
.3j_pJ,l »l a i nil jLiJI iQaSLII 4^L>. (ji^: t 3 i^iaUJl 5_uLUiaJ! i ,i-vVl 

jj&j iijJ3 3C j— ajJLi I J i la « a |J-JJ jiLq-ml iLJLs. CjljjjSLlI Jjj-soj 
jJLj ijj' -Lsj '^-iW-^'j-" ^jI i a II liJliJ! ^.Sj^aL^ ' aXiaJ jl . I 

3 jjl jSLII jljj! (<u*-lI! ^Laj-A^lj ti^txll (j-a JjIs j^lC Ua-ma 

(jjJJI j^c-j 4_LS^ sLi-Ja ^Ij-jl I "' a i Triangulum i^JLlil <Lcj_*j*-a ,j_a 48-dJ 
*L>.ljVlj ij_a^s-Vl Ci -»o La ^ S ta * a 4jljJl £-J-a^>- OjlSj tixj^tj ij_ajs-Vl 
I j A CjIjjJ,! JijljI ( _ ;r 3 (_^>- 4^Jj-«-a 4j>-jJl!I oJUfc ^1 

. joJ L«J I ^jjs • aJ t_) j'n i .ii" j-j^I jLxaJLi 

Ltlu La J ■ ~ flj (^jJI JjjJI (j! i^g! i^LuliiJ! jUa l_kJI I 10 jAjj JLcLu 

. 4_u^_tiaJI ^ i i nil (j-* cAJ^-j ^La-Jjl ^jyJI ^-Lu c ^-tJJJ 
jJljj (j^LlI ^1 i ii -v^fl tfj^S iSj-iiajJI «L=cjLu L^Lii^VI Ij^J (jL^ Jiilj 

Jljljj V L$j| Q^jJajILflj IjjL^j I j k: 5j aLcaJI 4j^jj!jJ! . " « I < ■ * 1 1 5^2J 
Li£. Juljj L^jl !jJL>.j lX2j (j^' ' ''j'^ 0 i«LuojiaJ! q\ i i nil (j-a CjLS-a ^-i^aJ (jjs 
^_aj (j^. n_gjj jljJI LilLDI »l nlr I JJt Jjlj J« Ljjjj S<LuajiiII CjIj i i nil (j^j^Li 
i3j_2JI 3JljJ_Ju 4£aJjljJI CjLj-jJiI i>JLA Jfla jl Juus\ (jSLajj (_^lll 4^UaJI 
- la d **' ) (J1j-J ^ c? - ^^ d LgaJ I CjI j i i nil ^j^- 1 ^-! fil Lca^JI ^£ j j i uJ tilt_t^t_) 

(jjl jSDI) (O^tlll 4jjiJ S-lSj^jJI S»l JaVI Sjjs (j! I'lliitl »l air jJLS JLaJj 
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jjjij (jH-II ^JJj (Ji-o t(j " n mi (q^jIo (j^-iio) Q^jijjj ^1 _y>. J-bj 48-ii] 3 jojSj 

<j-o : jJt mJjj^IjJI I'llrill »l ulr j^p- i_£ j-!l ( _ ;r <-uL-uVl Jlj i .ill (j^J 

.^(jjljSLI!) fus^l <Uii Ji-l-i (^3 J-ojlj 3JaLLJI 

V j»>==-iJ! ^ (j.ig Mill ^ jdl (jjjij-iJI (JcLailt (jl 

cJj .^jje_c_!l A i mi? (j_a j J us2 (j-J-II «I_LjLjJI SJsLLaJI i u-ddl (^-dSLj 

^1) Local Galaxies dilj^aJ.! (j_a 3 j 1 -sll 3_cj_«_>J,l (jl 3 yCliitl obi . n-sJI 

( _ ;r 3 4lal^ I j"al U i AT, , ,,l jj t (|_La SjJc-o 17 t-Jj^sl (_j.ll S^LUsVLl Luj^ca 

-j i iaj iSjill o jl^j 3j^jjIj cjljLi/Li (_Ljjj (jl , ,," jjla (_^cLjj 

j'j L^aJI C)1^ i i nil (j-u^ljj JjLLu cLii_ijfc_i_u CiL^l i u a (^Jl LcaJI 
j I L^aJU (j .1 j I (_£j^_JI (J^LlLILs ^cj (j-«J . 3_j^j_}ljJI ^^j?e_lII a\ i mi! > J*^" 

«L«JLc j»Lol LJajJi£ j-o^/l -sl-ijj l^>-*j i3JaLLJL> ^jc-JI a\ < jix-i (_gjJI 

^jjcJJI) Laj-jj-ij i .i II SJsLii (jl lillaJI »l <ilr (j-a-tJ tSjrtS •L$i^- 5 'j-" liiiiJI 
. I j**'^l la ^j?e_l1I fll i Mil Lj_La J i gj M^jJI j I usX\ (_j_A (j^3 ^*^J ' 0*J T ^ ' 
tiJij (J^tiitJ (jSL^-J (_y^-I ^J-?^-^ J^-*-'^ UL5ri^-* (jyJ! ^^- tJ cj' c - t - tJ 

.^^=_Lll oLui/l (j^. jjLLtaj (_^<JI SjLij>JI 3JaLLaJI 
mjIjj i 1963 ^Lc Fred Hoyle Jjj-4> J>3 j±$ uJI (j'vliitl joJUJI >L>-j 
JijJjj Sj^Laj . sLu jL>JI ■ t— i ' o jjt 4lSLjJI S^LLaJI ^JLA i_ 'Jin (jl (Jj-5j 
J " tj j ^ I ^ (^jLL^/I (^Ljj-LflJI ^«JL«JI L^j *L>. i4_uiL>JI Jaj-Ja (jjs 3^Ua 
i(jj/l_uVI I (j I r 3 mm Mill 32LIaJI jjj/ j ■ nij (jl L^j Jjb>-J 1 1854 ^Lc 

^* Jl Lj_L^3JJ ^-jLil Jim Mill 3_>Lo JaAxIa (j^. 4^Iul_JI i^JLII <L%_UJ LjjLj (JL^ 

^1 0 If (_£jJ * I JLA 3"tjj 0 1 & J J ' (3^- ) f*"^ 'J '""^ ^-*-uLlII (jj-ill (jy^J 

I j",al U j 1 , v. ojIS ^1 (j 11 1 i"itl (jl itUSoAJI CI1L11 1 11 -»JLi ^ ■ 

. d_u_u ^j^tLo <Luid»3N jj-* J-*^' C'-lL Li LI 1 La ^ III 1 jJt 

j_jjJI ^ iBethe cll_l_i ^JLnJl ^L^ ^^1^ V^^s 4iing uJ| 4^LUJ1 jj .^a 

t g. LqJ-«J 1 p la * ^ ij_« (jy^^ {^IXJI J-U_U^IiJLl ^jjj"^*"-*^ I (jj-^^ (J-* (jj-lLjJI 
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, r- 1 A",tl £ya <LmL .1 (jlr puLa jm gill 2al LaJI jJLl^o (jLi (JjLaJI 

S_^_S_1 1 l_Li Jj-k-j Jjj-* 4>s j«JL«J! (jl J^-><-' IjiSLtj .4jjjjJ! 

£j_a 1 * 1 . (jH-^ tiiiJ <Jj-« 4j9l_La jJ^j ^jt i 1 n <i uJI clili^ ' fl-a-cla 

i^jJI JjL^JI p i .I ->JI ! j_d> (j^. Jjill (jSUj I jLa (jSLIj i4JLi=j <jSUj V jls 

i^j^3=_cJ! ^LjiLa dJ i_Sjj_> V jjj_«iu_i ^ i ■■ a i tla-iJeJ <_u^c p-><-> j-A (Jj 

(jt ' ga **' * i4jj_o1jJ1 j-jlaLLU Jjjj-La j^)^ ■ U-t^aj Cj La^ Lt t, 1 t. 1 1 h~».j 

4_1jL^J1 cQ£,j-*_uj yj-LkJI (jt ^ t i4_u^_Ua ^5^— i*-*-" ^ '""^ ^^ LJ jj^ J^LII J La.9 

^Jl cL^j-tlo jl i«U^_L>. 4jr JI <U1 <i mi jj-* d * *a S * ^ > ^-I j ' • ■■ j ui£ ^Lljt_) 

Lnini t^LjLfc £Lt_tIu 3.5^ JaJt-UaJI jljLa-A (JJ^-j ' "J ' - 11 ,-1 M cLilc * 

^jLUaljH^.! ^J;J3-A t^lj-I 4^.^jj « tju i i n 3jLc I La 9 iSj-jJLt-a 5^ p^ 1 *^ 

J^Lj_o ,j_c. ilLLflJI »l 0 1 r p La « " 4 jlr (j^Jl La jjt 1 Jj^' (jlalj^VI - 

j_-oj ij-«L>ij Ijl (^j-jjSLJI jL*-H jj^j ^^p^ * ^jj-^j ^j^*-^' 

S^J^?E_Ll1 0 i— L-U< 1 jJiiUlXI ^J?E_>J1 jj a-^C 1 Atl „1 Aj^Q. -^^J-J 
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3-uj>L>JL9 lEscape Velocity (dj^LaV! S_cj_<j/) Lg^ i ..I 3^3 tllLla (jl 
(-J -SLIj i^jjJ! dllj i .1 S^y>.jJi.! jljJJ J£ juiiJ ^1 i^i'q j^>>- 

CtlflJJ ^LUajUl ijr 5 JjlLajj £j] ( ^>^-4-i i4_ulill! ijr 5 J-<-a 7 , 2 ^^j-A «t_i_L*_a 

(jl 4-tSLLaJI CjI_<j/Ij jJI £yi cAp JL9j • Ijl *Lj Jlitljj i(_psjVl 4-uj)L>. (j-a 
j i^'l (j! dl!j> i4-uL\!l ^ j_La 7 , 2 (j-a Ja! j -i all ,jjs O^LaVI 

(JJ^-* ' (J " Q '"'^ ^ 1 1 ii ilLi Lai 4 ( _paj^M c_t^a^ i ^-^^- > *J <Lti^ jJLt-£5 ! 

i ,i->Jl 3±£ (^Ic- o}L3^l 3^><-u 'Jt^-j 6-° J-^' o^La^l 

fll i Ldl jj-^-Ij • ^J-^J-La ^L-*-* ' t-ml 1 ,'^^\\ ^_J| »^ uJi 4_La J^lLaJj (_£J-1I 

<Lcj_*_u *\ " ( ii-q ii a i"i II 4_Ll£ (j-* ^— J l>-^ (lA- 1 ^-* I j**' ^ t --*TP , * - f^-?-^' 

t^aj?e_(JI tfL-tlul (j-a '"-I* - " (ji^-gl J 1 1 ii f tl 4jj-La_Lll Jfo-dJ La^-3_}La * Jjusi] ^l_}Laj 
i4j_jL_A <La-jJLi L^jjljja- «La-jJ) £^LgjjI p-Cj d o 1 La a Lai < u3»] jJLuj-u ^cj (j-aj 

j j i" i ii j jl ^^5c_J! oLuiu I ^La ijjjjcj o^i ^Lt^JI 

CjjLs. La (j ii j 1 (j-SLJj . ^oJljt_ll s I LtaA] I ji^LtaJI <j-« d * taS 

d j i i ii ill SjjJiill q} «Uj2j ijjlsljUcVI I JUt (jr^ JiJ^ JJ ' n'^Jj-^II . j^l^II 

£LLaLi Lai i ii I O-iLi aJ La_ij3 i^j^x-JI i)Lui/l I J Q-LijaJ 4xL>JI 

i. i j itj-l I jLa^LiVlj JjLjJI JaJLUaJI (j! JLu . J*\ i"itl «Lajtalla SjljCLuuVI 

jlj-a_u_oVI ^^*-^l tfLjjit j^^-a-u IjcjLaj taj-JaJI cAdJ CjU^ILlII oJJh 

.(jH 1 1 nil (j-a jjfU^Ll SjJ. 2^1 taJI JLu/jl 
w La * 1 ^jt * JLj j—a^/1 JLjj— i i h^^)-l!1 ^ji jJloj LlAj 

^j^c_LJ! tfl j i"il (j^a I lL.aj ( _ ;r lll 4^LLaJlj gj^aJI I jls . . aj a tjj i gjj 

■ La j . .. . II jJLaJI J &-<LjSj-LtaJI CjIj i i nil ' "II CjLal i ii U aJ-tb 

^jj)l I j)La^ 4C_ujJlII L^aAll p i n-»J1 I JLA t ul ( j-a La 1 ^ji cl 1^". , ,.1 ^jjl 

JulC J-a^l ' t^Sj . ?4i^ p i n->JI « jjja LlL^sj jJ La_ii JL>JI «LlLc QaSLuj/ 
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tj^s 4_i! jJDI ^Jl LLui Jj>* ^>-J J-Sa i Jj»J! I jjfc 

Ll2j I jj'a (jjSLj Cr^' •l"^' (j-lj <* 1 "*>H J i -»_' (jl (Jj^J • JljSiI 4_u jL>JI JLx-a 
£Lj_jj_UaJI cL«-»i^M 2 c I Laj i ( _ ;r 3 (jjSLj-tiJLiJI <_i LjJ! ~ i j i ■■ I nK-Jij-t-J 
j<U (j-oj ijJjL* 4_ujL>- (JL*-a (j-a O-Lflj 3JL>J! aJJb ( _ ;r 3 I j IS[ Ij isLLa cAaj (jl 
.JjJai =L>-j_o Cjlj Q^ill *!j-«j>. Q^Sjli . I U p U, . 1 SjlsLs 4£L$-La 

L^ 

«Ll_*Hj (jJ3 pj^aJI 4_1 l£i-*-^ ^L^>.^1 (J-alx. (Ji.JU (jl C_l^-1 Lx-ilj t<_ i I n~wj 

^j^=_Lll al 1 i"il (jj-S-J (jl t^-^c-J 'J-i^^' lSI>" (j-"Lu/^l I 

(jl . J^s-I 5 j i 1 o I j <<&-* • LajLuu Lj^j Loj3 Lqijej*. j * 1 a I j 

l_AJ_«_i (Jj^s- i^o^c-i-!! a\ j i"il (j-C SjjIjJI j»L9j^/l sLx-i^s ( _ ;r 3 I i'C'C i"ij (Jj^-A 

.(j^SLII 3^L^ ale. j^Sj (_gjJI jJ>i!l 



JJJ ' 4 ^J^^ ^? .' ' ^3-?-^^ ^ ' ' '""^ CjL^*C i nl**(TI i".t^l , ,. Lajut^, 

4-C j_<u*_a jo^c_L!l d j ui I ' " ■ k>-Sl! I iiJi3 I ■'— jt (jL^ 1 L^la j_uSLII 

^ <_u 1 nil l_La ^ j 1 11 ill (jjLtiiill j»>><J! ^Jj^ Ui^J iVirgo «ljjj(JI 
Cj J j q mi (j_jjLa j^all^jJI I jt^^"tl (^yjjl jj - all I" - g uiS Jl^Jj . ^aJl 1 J-A 
dJI_L* (jL^ jlII .j^s-I Vd>^- J-°' 'J^J^W t_jjSLJj (j^s Martin Schmidt 
^ jJLu-(23-j£L 1 i) j^Us^a jjkj -3C 273 (273-^iJ 3) JjLa 4_Li 

jJLt-ol (J*s ilitl (J-ilaj ' g J^>*I p 1 4_La ^i^j t^l 0 i nil 1 La 1 --j 
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r 1 LeSLdJl JgLq-Cl ^3 dJil_*_a ijr S_u c-t^tJU 



SSjUI ^j^j^'- jjfc L^a .Anti-Matter SjLU ^j^j^'J S-lLU <>u a >l ■ -■" 'L*-^" 
.(Positron (jjjjjjjjJI) 2 hx uJI <_4^.jjj (jjpSLlVI 

(j^icLfljj I i j 'I '*» iSjLt! (jiijLflj (j_o Sjj £-a SjLU (j- 0 Sji JjIJlu LaJ_t£.J 

' a-Li-3fcJ V fiLtia-Lill ! SjjJIj . LsL>. 4 * Mil (j-* CjL>.j_a ^^J-A ( >;r i^ ^j^SLII 

.4jjLjlI! SjjU STjwO Sjjj^s LjjL^j 

LULc ^ LfT .(^1 ^1) oj>^>" ol j-^y (24-J£LiJ!) 

j L<-u_lJ I (j-* SjjJI (Jj>.1j IjJ^- JJ L -^L? (~) *'- L JL-*- 0 i ^ J J^^ 4J-3e_tfu (J_<i^t_) 

<L_lj>. (J_<i^t_L3 i (^J a - t ^^j-JJ) ^^^uj^-jJl d l^-l^j Lot .^_<ujJ1 ^\ 
5^1a_>Jl Lo( .jL_o_jJ1 ijr ll ^)-\_<i_jJl jj- 0 4j-uiSuC cLajjJaj JJ^3 

?.l_u (j_uL_ut ijr Jt Lkjjju cjIj jJIj idilj jJI (J£^ ^.Lb i _ r s (j-uL-u^/l jL^>. t 4_iLL4-i 
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J£a . LaL>. SjuSiI JSLi ^ 3jLl>. SJaLU j^-uj SjjLCIl liiji^ala i>LiL2j I jl VI 

3-J_$js CjLaLtaJ J j i ii ->«j Jj^s^/I f_y£ jjt iS-jLtl jjj^> JLajjj (jj^-JI (j£ LcJ^>. La 
jl/\i a J La i a I JL3 i La SjLa (jjs j»lj^>- J^L£ (jl I '< i'^ijJs ^la . 3 jLoj CjLc.Lk.ZuIj 
I J_c La t^a-Si "*»*-tl 4^L^j (J*C Mitlj > (j-a i LUa_uL) 3_}La (j_a f^L)—?* 

jj jjis. L^Jaa. La J^J SjLtl w flj seJ jjj-i^. i(jjjjjj_Jlj (jjj_p£JVI C)l tae i"i 

. L^Jaj- La J£ LilLgj SjL»- djLcLojilj oLsLL ^1 liajjjll 3-i.jLU LgHlU. 

SJtSLJI = SJaLtaJI) :(>" ui Sjj^ uJI SJjUll J^xLaj Llcj ivIiJlxj I aj-^uijllj 
(j^a aIj-j>. j Ij^J C^^- 1 ^' Lt^ ^?**' **.!**' ^ ' " ILl < a II cLcj-*_u £-JJ-a X Cjl_alj^>JLl 
( _ ;r ill <j1_aljj>. O^J^-"d L^jal!! SjLtl (jjs aljL>. ^Li^J S-JjLtl SjLU 

s j_UaJI 2 «*j i uj-jl " SJi^Lj 4jsLalj 2 I (3 3 |0x2) pi .' ~ ^ !>?* 

aj" Lm( 1 0 X 3) (_gjLcuj 4_uLiJI (j.3 j" nj" uoJLi 

= (y£t uiljl 5JjL«ji <_ 1 1 .1-- SJaLtaJLa (jjl) 
Sj^j W Erg jjVlj (j-jl 3 I0 x 18 = ('°I0 x 3) x ('°I0 x 3) x ( 3 I0 x 2) 
SJaLtaJI aJJt (J^=s-i (jl I nit* J '»! nUII <j-<_] I gjlg jj a3 1 1 SJaLtaJI CjIjl>.j (j-a 
j-uLojs (^Jl 2 La-uLill SjLtl j 4jjL«JI S^UI (jj: aIj^-^L^ a >l Laj ^ S^LJI 
.3^m w I aj LaJLi^, jj^tjj ( _ ;r lll 4ijL^JI CjLuiSLII ( _ ;r l«-a LJ (j! (j^-JJ (jl (jSLaj 
! (3jj j) 2200 (^Jl jjJ 3jj_j_a jiJ| d^LLJI fj jLuij 4^LtaJI a JL* (j! 

Jl2£ i(olj3ljSL!l) a^jtlll i>Lji! (j^s j ' i aj (^lll SJSL^II S^LIaJI liJJj i.,jiiiij 
OJLA (Ji-I J 1 1 J Lta-i2jj SjUI (jl-J Ltaj-Ja 3_>JLi L^jLi diLill i\ nlr JLa 
La ajjc-JI oLijil (jl .Sjjjaj^aJI jj ■ a2ul\ jjt IjLA (_L^ 1 d jSI ta-all al i n-vVI 
.(j^aSLII 3_sL>. J_t£, (_>iiJj-i lj^*-I (Jilx-i ij-UaL>JI O^aJI ^j^>~ ^^Ij 



l^'n.^V Jl>-I j j»l Lijl jL5-a ^ Cj^iil I jl CJ lII 3^111 (£jLujj 4^11= 3jl>-^ : Erg. ^jVI (^) 
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(55H-1I >" «-SJLaJ I pic 




(I <L>.L>.jJI) iSj23\ lSjjjIjJI :(2I)JSL£ 
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\S9£±I jJ I lSJLoJI pic 
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It § ... JLaJI^Mrf 

SjLlc j<uJ_2JI jl i ii t^U d 1 1 ii it Li »l <i i ntl O-iL^ 
w a i gaj ijjll ±11 ^\ jjI (_j-2.il (j-o «l c I i a a 31jLfl> 4_lS (j£. 
J_j_L!! <. 1U Ljj^_pjj ijjjj' J^-^' >_>^= I fljlf 

ijjjjUI^ d 5j i a a SjLjJLc ■ La S h jl-ij-^ f IjjJjJI 

i^j^*_lL! 3jj_aLtaJ! cjL^j_>JI g-xSj jiLa jLtuj^M jl 

1 1 (j'nj jUI u dJLlfli Q3SL1 (jl (_L_^ 

cLt-ijiaJI (^ «Lui^l (Jjljl (j-o OjL^ jl JlJ 

^Ijj L^J^ 'J ^ aCXJ I IJljj ^-ijJLlI jLcuj^/1 C-Jbt rw ( ___ T IlJ I 

iaJ! 

iSji^sJl SjLjjuiu 4j*_AjILa Spheroid uJI 
CjLcLt— lTuI £__j_<a_j>J ^j-j>.^/Li .squall 4-t-tTu.a <__ T ^9 
^jjO LJ l_C ^ J^*-^ i (j _5^-^ J * w ' " LuLa Jj-^SL1 1 ( 1 1 



?j_u3 w 1 c d)L<5_i-a_i (j-* Cj^I_cLoILJI £JLA 4^jlu La JjjjJa **^J-^ ^- j J)3- 1 

i_ajju jj| ^jU", , ,. i , Laj jll^j cjLiajjJ! ^1 ^L*I^VL-L^L^I-^jj*_lJI 

I j j j ■ uiJ j^)^ -4-1 J-^LulII ' *iua ^jl tilt_o*j . ^j?e_lJ1 Cj La^ U U 

V 4_j| l_a_£j i J- > *^ \_x_c1_3l IjI 1 11 )| L^J (jl 1 1 ^jyJ-Jl iCjLa_t-a_JLl 

<_S^Lli.l 1- 1 1 1 11J . tjjj^J J-^^^J j-a-i^aVI Lfllaj ijjlaLuJI £-i^Li (j*a-uVI 

Q3UI <j-° l? ' j-Ij ""^ 1 ''j'j-*" '^J- 3 1 - 3 Mj3'! j-* 

^ui ij_a^>.^/l (jj-L!l Cjlj Sjlj^s. (J^lj .jojc-l!! ^Ja-uJ 3j!j^>JI «L>-J-i 

<_ < mi idt^^JI £_o L$_i^J j-jJLLi ^j?e_l11 ^j^* 1 ^jt C' 1" JuLlj 

CjLajjLo J a "i 1 1 1 ') i^JJ 

Cj!j-_>JL1 Lg-J-Lc ^J-Lla-j CjLx.^ g *r a ^"i" ^^y^JI • iz-*^^^ *>»Atl 

cjL£jSLII L^lLc (jilaj .sj uu. cjIj_>J,!j a uu -»u 1 1 aj fj iGalaxies 

. Constellations 

jl CjLjI J-i^- Jix-i L^jLl CjLi^jSLI! oJLfli (JjiLlI! (_Ll»3 ijj-ajJ! j<u J-Laj 

j j 1 a * 1- 1 1 11 ~>. ijLj_>JIj JJSj-fli 4j£j^ dJLLfli I 1 ajTj i«L>-L>. jjlj (jLUj_<jJlj 
icL-LsLaLLa jj j J^ii. »l 0 1 11 1 1 tfLse-a-t^a cLl31j-4-ij .cL»£^£L11 ^J'C i"it jj- 1 ^^- 4-0 ^^^ 
^cj J ' (J^-^ L$ 1 JJ^ '"'^ ^j^* t ijr ^ j J laj Lo^_>o i-dl_Lfl> (jt LJ ^e-Lgajj 

(_ 1 1 11 i^LlLa i_ijj_>JI jl ' a-t-LaJI jl »l"i Mill CjLi£j^ L^jI ^^ja_Lll CjLi£j^ 

.«Lj^ I *jj j la i—iiij Mjjdl (Jj^a^JI 
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»LuaJI qo pJLc 



3 



t L_Lc t _g-J-3e-uiJ I 1_AJljljJ t (j-u-xuTuJ Li 4jjLSJ,Li iSj-jJu^s ^^j*_lJ1 (j^cij 
-(J_u_^_lIJ1 Juu-LlI ^>«J < l-4-Lu 4_u <y^s JpLiU 8 4_sl_<_u_a Li£, JLt-U Llui^-taii 

4_uj_tb 5 r m. 4j3 5-3 1 1 ,i a Lt^. jjljj tAlfaCentaurus "jj^ *^ L-^-J T ^e_J1 

U "JJ^* *** ' Jju l-4-Lu >■ j-L^ (j 1 49 i La - ojJ-t 1 ijr 3 (J_u_^_lIJ 1 J_*_i) 

O^L>- AJJfc-Lll £_LsL_U jr i d uJ | ^J-tls ^jl ^ I (M* jJI <- <J I > l t 1 J-A 

( j_ 4J jj jjsj i4_ol_3L-J! se i II a51 * cLi£ Jlt^ilu L>.Ji^_4-J (j u o uill JL>>! i ( u 
'/• I 0 ^1 (jl !j JL>. ijj ir-lri"ll (j_o ^ i"n |4>J (j^-iLa £jj ^l^s. »l qUtl 

d la UilJI 3jL>.J d 1 ^ n 0 MltL) 1 U 1 < tf3 ^jl .jug UiJI cLlJuJ ^^J?e_lJ1 j>J_A jj-* 

4jLjSLj^£j tfjLi^lj 5js!jJ j^sjsj i4i^(j a a la III j^J- 3 ' S ^ JL ^'_3 

^yajJI qjo jlkj i Solar Family 3 j . g uJI aj^u^\ ^ ^ , jj^ulII Ijutj 
iMain Sequence ^ , j "i^JI j_jLhJI 2 Li jo^tjJI 2 U , „j", 

■ uL Mitl «lL>.j_o ( _ ;r a cJlj Lo (_ylll j»^*-iJI 

j»lj^>.^/l ,j_o L^jjjj/i jlj^l Cr^\-?j iLajLj^Ij .."ill L$j£IjSLi (j ii q 

d i i ii T Li SjjjJI ^ o i n"j . 4_ulill ^jJs j-j-o 20 ^1 i" S.cj.^ , Ljjj_23 
tj~ua i_kJ I 384 j Q^j^- 0 (>"'* "'^ J ^l j_)j Cosmic Year ^SLII 

^ I j j ^cia-m 4_ujL>. 3jjs 28 I gjeJaxu '^dj-'J 

,^Lc Q^_lLs L_sVI 4 i <i3~w (_) iiq ("ill J-Q-C- 
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joi^ (1)-° (1)^3 ♦ ( nlj CjI j^^- 3j-o*^M CjI j i i ntl ijr 5 lLLLUI »1 a If \ Laj» 
(j ii i i"i II 4_LjL^J! 4^LLaJI aJJt> j J i a a La : ^Ljala jh^jj-o* (^jJI CjLcjjIs _oll 

iaLU^ stilus 

i_i^!jSLII ^1 Lgj^aaj J 1 —jj , r I Alt I ^ . 1 A i JJjjj 2 

SjjjJJI CjL>.LajjVI Cj^LcLojJ 4j*_uj ( _ ;r & ^^=_Lll ( _ ;7 ^Lij jn< i"itt 3jIjj>.j 
3 J_*i 1. 1 1 ni 1 5^ a**< 1 n a cLflj-^u ^Jt ^alu ijy jJtj 4^ jjl its ijr Jt L$Jjj_r»oj 4_j_Lo*j)j JLi^JI 

. Lgila Ll ^£1 3jIj_>JIj ■ La « 1 1 1 
J-^J-j i(j 11 a i"ill (j-LaL> ( _ ;r 3 CjljLiJI 4jSLLaLuJ (jl 1 dial I »l a Ir tSjrLi 
(j-a 3jlj^>JI SjLjJ-Ju CjljLiJLi i_3JL2j (_g jJI SjjLUI *LlL>.I jJI (_£aJi]l • La « 1 *-- ^1 
L^je-La-m oJLL La I jl i3jlj_>JI (j-a 415L& CjIjLu ( _ ;r 3 L^sela-m ^1 1 L^iLaLi 

(^Jl j-^-j-j <_La^' ^'j^t!-^' I « 'j.' .laLU ^Lt-j/l - 1 .^All 

CjIj jjl ■> il 1 aaj 4_t£. JJ-y (_£ j-JI J-a^l i4jjL& CjLcj-ijiJ a_SHa_La jm i"itt (j-LaLi 

^Lajjl ^ (Lgjlj j Jib Lj^pSJI <_ . . n"<" jJLjj ^i) (jjbjj (a^-}Lu ^pJI 

t _^_Lc i4_uL\Jt ^3 J^-a ^Ij^ I 50 ' La 1 ■■j**' 1 t ^3 £-Lu CjLcj-*_uj ^a_aj»-a ^^1>. 

t<j ,1 a ui tl l_JLa <j-*^ Lall j jj i^iU (jl ^jy-iUj 

£-Lu £j_Li3 jjl »l nUtl (j-LaJ (_gj-!lj i(4j_oia *L>-J.S (j^-iia 20 ^l^s.) Sjoiejj/ 
6 lJ jl\^>- jii^ Milt ^_La_*_o 3j1jj>. «L>.jJ ^-^p ^-^J- 1 t— ciJt 224 ^Jt^o^. 
j j ■ gjj ^jjl Atomic Theory 4jjjJI 4jjJiIII i-.U^ i jJU .4jala i_sVT 
SiiijJLa ..SlsLU (jJI SjUI J>=jj ^LiiaVI 043. ^ (jun uJI 43LU jj i^it, 

Sal LaJI j t La ~'*» (j n a i"ill j-i^sLi^. j<Cu 4jJljILa 4jjj ^Lajjl CjLlL^C, (jl 
La 4 j i°m_i n_gjj_l ^Lajjl L^J CjJLaj 4-aJe-Ua 4jj j sLb^ jii< i"ill (jl^j • L^la 
(3-LLa ***' 1 Ijj^ c ^P fc J^' 3j-La_u_u ^_a i4_j_Lo*jj Ji_i^JI 4j-l1aJ| ijr 5 CjJL^tJ 

iJ-jL^JI 1 La « 1 a 1 1 dllj 5j Laj i "It oJLA (jiajj (jl^jLij *Jaj i L^la 4^LLaJI 

. JL>.1 ^oJt £Jj-U ^"i tin 1 1 nil ^^j^Lc. (1>^ LJL^ri-^ 1 ^" J ' Cr^* ^ J^^* 

3j^a-t^ILa 1 imI j 1 n a SJI iaLkJI jjJj (_^J-II 4jjajJI 4jjIj_>JI Cj^LcLaUlj 
i4iaj|j^XI Cj^Lja^tlll (j-a (_LaL^ £-jLu ^^Jt Jj i3jL>.lj ijjijj Jjojo 4jS »c (^^Lc 



^LlssI LllLjSlJ (_yJ.II J-L&[lxl\ (j-O JlJJlJlI! I jj' a p J ' Cj^LcLoj d I I ill I II jl 

4 j I a ■» I t _jf ^ ^gjl (j-aj . 4_u_uLt_uVI (jaSLlI 3_}La 4(_j^ >, JIJ- Jl tJ4^ ^Lajijl (j-G 

S-LcU-j/VI SJsLUJI iilij J^Ltajl VI 1 1 jl>. La^-a UoLj SjjaJJI MjjIjjJI 

(_jl_Lc uij d i i nil i_£j^J (j*"*"** ^>-*^^ * (j " 0 u^l ^c-Ia-m3 dJJjJj i3jLi_>J1 

J 1 aj jls 2 2 &l ui cjLcLojjI ^yJJ ju SJjLt cjIj^sLi »l a "itl 
p^tjilLa t,j 11 a i"itl (j_a I j 1 1 o| (_p3jV! ( _ ;r 3 cLLaLdl cjLaLtaJI £jj->l p la * aj 

Sjjjita <l uniii'i CjLsLIa V! jJal jJI (__ r 3 (__,-& La L*j_lCJ JjjIIjJIj <— -> I ifka-Vlj 
3 j 1 11 n Mill CjLcU i",i^\J 4-iSLgj^jj^aJI Cj^LcLiill i^ii.ntl (j-U^La J^Li. I giVi'i! 




f-fj ' ^ ^' ^ ' " ^ ' la 1 -J 4_L^1.} ^JL ijj 
3 j 1 11 n uJI £-iJI duL^ LajjJj SunspotS 3 j 1 11 n uA\ £-2-lJI L__jl ..j_o^UI (jiijU^I 

j-Al ajajl j^l 

3jj^j_o 4_iLaJLa ' dl * : Lx-Uslj ^iSLi jitjj Lgjl .j_uaL>JI dJsaJI (^ dliill 
(JJaJI 4 j i"i a 1 n" 3«Ldsl <lalaji aj 4laLx-a (j-^J ' Umbra J-laJI a i n" 

4_La (_Lai I 3 W t( j ,1 n uJ| ■» U , „ LiLkJ. Jjal 3 j i u a uJI j-2-Jlj .Penumbra 

LUsLoiei! JJ^I i ii a (jlr Ltj^lj_a jjjj j£ i3j>-jJ 2000 ^1 3^tJ Sjlj^- 

Laj-aX j j laJ La-ilj (__;jlj^ CjJL>>j V 4 j i u n i"ill ^SgJIj ^eJa i (j-a 
^_2_JI (j-a CjLLa ga * (^yl^. 3j-uSLll CjLc^_aj>Jll (_^ ^IL>o (jt (j£La_lJ iCjLc ^_aj?e_a 
(SlAjLoJI) (^jJjVI (j a i n" i LiJ-La £±j-i-u ^_a_J (j^- I uu n i^L^>. VI ^j_aj>. (j_a 

(_>GJjVI jj^I 3jLc (jj^3j i(j .1 a Mill 3_ujJLll 3_aL>JI 3^1 j i ..tl (__rJ*j 

ijjll'JI a <>_LiL2JI d ,tlj . (iUuL'JI) p^ul I gjic jl^j' a 2_uL"JI Lai K t iiLa-l 

.t JL_u jj>.VIj c_o*^_a La_AJL>.t 4«Lj_LLa2JI 1 n! .>.**. ^ jjjj-ui-tlal ** rt (J^^ 3e rt I o j 1 

*l j**i t nl ■ (^jjjLv (^yl^. ^_2_lII (j_a (jLujl ^oILa (jLl^, ^_aj?e-a j J laJ La LJLcj 
(JL^t_a ^L_o2_il JLt^. (jL)a£^u La^jLi (jaJJL>JLI dJLLaJI ^1 a lr JLSHjljj t(j n a '"ill 
\l ^".^ VI ^J| j^lj a > La^ t(j n a '"ill j^)-a (j»a ^^L^ (J*C Mill w ' w ' "J^^ ** rt 
J « a J I ui '<~s L<uj L^jlj id j "i a ."ill J-SjJI (_Lt3 I uuJ (__, i .nt-iLLiLl.1 (JL>J,I (jLi 
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CjLaljjJ j^!j_a L^jl 1 eaxj id j 1 n a i"itl £-5_lJI 0J-3-I ' a-ilall JjJLalLi ^LlSJI J_t£.j 
oJ_& t_!j-3 ^j^uojj Ciljl » I I 4_j_ij|jJL>J! 4^j_>J! j j Laj j! JjJ-Ju i -llj La 

^ ill (Ji-1.5 ^1 T L$ji£j CjljlJLlI JJ-jJ La^ i^-noJ! 

^jjGj Jj iLbLi (j-ujj d j 1 11 a ."ill JJLc (j I I 1 eaj 1 »l a U It ~ 1 eajl JL3j 

(J!>L>. l^J^/l JloJ! ^1 (_£jO-i I U J g-j J<U l(j « ■- — I T JO- JO- jjjO 

JjJjlII j j Laj JL3 SjjJ-L) w 1 aajaVI J->JI J_ul3 . Ljjj_Sj LaLc I I L&jl J-2_a 3j_a 
La^LLaJ j_3_i ^L) Q«<i Mill (Jlij JL9 LgJ (jj^Vl JoJI J_lCJ t ^njtl (jjo 

3jjJ_i <l La >"j rt 4_j_Udj t j-Al^La 3j_c ijJLukj . 3jj J_*_a £_jjLt_ut (j-^- '^J-* ^ 3jJ. 
( )\j La ilal 1 ^ 1 < ^. « (jr^^ ^ j i imI^LulII L-dj^al ^ojlJI jj flLa L^q.A| '4j i ho uJI ^JLlJI 

iU^^JI oM_^sljil (jic jjJj L*£ t 3j<li,i>Ulj 4-L^LJLUI .-.VI , v.VI ^ 

. LgjL&Loo! Jjjoo 4 j 1 njULuLl.1 cLL^aaJI (jyi^. J-aIL*j eH-" ^iJ-^'j 

(jSLIj 1 JU-JJ cLa_uj I Jl» (_p3j^l (jja 4jJI jJaLcll Mill (j^ajjj J^-^ 

(jj_iLo (j-a J-^' 'O^J^' ('^^^ ij^ O " " '"'^ C 1 ^?^ J- 3 ^' <L5_l5o- 

^-Li 1 Lai flH> VI L^J ^J-L ' ' " q La_r»o jug Mill w 3 u ^jl (Jo.1 •^/ j0 
SjLoJI SjljoJI 3o-jJ ,2^c. JjUI (JjL^-II ' Laj i^aJlj L^ILujLs. (j^-J Dj'j-^' 
U isLUajj (^Jl jLiJI p 1 aj (^lll S_ujL>JI 3^3 J^Ltj La J Vjia .Ji-ljJI 

^jjj jug ,"|I1 £_La_l La t_dl_LA tjL^ 
CjjJIjljjj jmi Mill Cjjoe_o_iV-^ JLallll jj-a jml Mill (Ji*1.i ^j>.QXI jLiJI ^_La_l ^jy^-ll 

l_3_i£^ V^Lju q h a Mitl ^ 5 LJ tjlt-pe_l i L»-a ^j^LaJLJ (^Ga^II ^jt J-a^l ^^IjJ 

Jo-I jJI (jJI (jiLsoljVI j i^jLiJI j Jo-I jJI (^i-LcoJI 3UJI ^Lajjl (>u 

-i_aj 1 ii*C tl O^j <l Lalo.-fl^jj 1 ^"j (j 11 0 i"itl (_j^>j^ 4jj/IjJ J_c£.j . 4_u jL>JI (_Lt-iLi 
^J_A J_H_a_jj ' ^ w ' ga 1 1 I ^ ' £ ^J^* j 1 h a mi d LuJl 4_Lao.^La ^j^La-i 

(."i" uuJJ cS-^ - " Lr^J i(_>^5j-3JI *— ■ ''j-*- 0 jlj^ II i-3 VT 4jiJj_lI.I dim IVI 
4^.LcaJI ( _ ;r 3 J^a QajLa (j^s t_!jli3j 4JL* j_a CjVcj-uiJJ CjLtlooVI ( _ ;r 3 

.Sjo-I^II 
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pLuiJI qo pjlc 



«lj^>.VI <j_o J La-aJL3 JLS Lgji VjS i3_u^c. VK oil ji.tj 3 i i ntVI tfjukj 

JL^J 4^jlxILo CjLcVjjVI <■"' I njt (jSLIj '(J " 1 '"ill (j-o 4 jlri I nil 

^ ii n ."ill (j^sj^ (j^s jjLi « jj-i^ LoL* j j laj L^_l^l«-i (j I jl iclJL«JI 4^.j_<jJI 

. jILo ^Lj^ (—kit 80 ijr 11 «LcLajjl i la i "j" rt ^j^SLjj i4jLjj-*_u 4^jj>. j-jt^ 

: (J I ^j-o j _i Luj LlA^ 

Spectro-Heliograph ^mk uJI i aLJal I jLja. «.LuJL«Jl ■> jljej . ..j Jlj . .itl I jui> 

fi ■ ■■ . I glU-ixla (-;r l^. i—SjjtjJIj L^jLjj£_aj (j no i"itl sljj/ljjj ^> JLy" i uj i_gj-!l 

jCUj iSpheres oLkxgj ji cjLlJa ^1 i^^jsJI L^a^Lcj q .i uJI «L«1«JI 

? LctaAJ I CjIjUo j Ij*C tl <j-U^La ^1 Ltjj>.| 
j j laj n-jjjjJLtl J_t£. jl jjjj-^ll >LS1 (j ii n i"ill (j^ajJs ^1 jJall LaJ_t£,j 
*jJl^JI_i p-K-tJ 4jL£j iCjUjUIIIj CjljjuaHtl (j-o ^LiJI (jjiiaVI dsda-m Ll! 
La t-Jj_a! (j ,i n MilLa ij-taj ^IjLs. VI jJal^JI ^ jjjljJ lj-4> (jSLtj .(j^ijbcltlj 
CjLoIj jJI ^_lt JlJoV ^j-*_u^aj i^l ^_aV1 pJa^llLa (Jjl-^ L ^ a ^ Je rt (jr^i tl)3^ 

j<ua->JI J-jljjj '3j i .mULl«II i a i oIjjlIIj j j i ol c VIj Spurts CjLo3jCUIj Swirls 
'J " * "' * u " " '"'tlj • L*«ljj>.| (^yi (j ii n i"ill ^Lcjo Lj1£ iCjIjlk^l!Ij 
^jj>.VI ^j?e_Ltl ^ya J-J^ ^jj-^ <JL>JI {j\ jJj J-Al jt^tl a jl$_>-^j?e_(J I ^J-^ 

: ( _ ;r Lj La (j ii n i"ilt 3jjSHI d_aJljJ, I i " 1 1 5 • la 1 1 »l nUtl p i ^-Sjj 



(Photosphere it^jjai) 'i "fi i htl) jnM^^Jt 

ijr Aj 4_u^_tiaJI ^ 5 JaJ I ' i>lj-i t^J-JI (j " o '"'tl ^ rt i ti \ 

aJJb * J-^-* 400 ^Jl fiLS_ox. ^-Luj i$ j Lgal] ^-uiXI 4jt ^.jL>JI s:j^>JI 

kJI 

Lot .SljUI ^9,9 aj M g Tl jJLj CjIjoJI ^jl^ ^ SljIII ^ 90 

f^-ut3- -j-ilC-Jo] 1 (jL) (Jj-^J £>JJt (J-t-iil ^jX. cQjJL>. 4jj-li_J LilijJtJ 
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' 3-i-xJa-S-l I (jJaLlI.! 4_t£. i3_u| j" i n VI (jJoLill i _^S: La Lc^aj £j-<-ui o'jj^' 
i(j ii a i"itl ^la-m (^yl^. CjLaljJ (jjjSLj ^1 CjLcj_<jJI ( _ ;r 3 ' ""'-'J 

«L^_u_i i^jLjj-^JI 4jljj-j_u jL^jVI ijr 5 CjLoIj jjl Lgj (j^aSLxj ^^y^-ll 4_djjJaJI * 1 
5 i^_ta^LcaJL I JjlsLm ' gc-Ia i ^jl .jLuJI «Lcj-*_u i_ii^l_L>.V 

di I j-3.) LiLo-l (3^1 'CJ .'J. 1 '*' J & ^ " J 1 " * '"'^ J^^' cJ J> A 1 

3_«_aV oLa.1 i .1 j in i .ia2a.Hl ^ Granulations cjLjUjJI o jut jJ-jjj . (jj^' 

(_Lsi c\_2_i_U3 (jJal—La I j Lu J ' -*■ ijHa ^Ij^ I 500 ^1 300 (j_a ^ I jj j La flj 

,-vi^a3 LajLLc : j_Lfljj/jjjjiI I d ? iU Cjl n j-» Jl CjjJo. j j i nfTitj 

i .} JLaluj j^-*-^ (J-° cJ -4 -^ ^—^J^rH (JJ)^*^ (j " 1 '"'II (j-* ^_yla-mJl clil a JaJI 

1 jj'a J2ijj 4jjjIj 3 jUr I uuj I jl$J 4j*jljj 1(J lr I ^1 I aj^VI 2 S JaJI J^L*. 

. Lo-l-ulj jij-jVI ^^LlII i ii tl ijr II ijj- 5 ^^-"^ ^JjL-uVI (^jj i ii U (j-* ^j^j—*^^ 

2 la i ulj J 4 i j-t- i m* j<u (_gjJI ijLiJI (jjs OJUlL^aJI 3Jla£.VI VI CjLojjjJI Laj 

jri_i 2_»JaljJ!j LjUJi JJa'VI jJaLUI Lai .^>.bil (jug,':.!! i_J"a ^ SJsLtaJI 
' t— j j j 1 1 ju i hi jjL jLc (j^. SjLi^. (jrd^ i^>i>LuJI jL«JI SjlcL^iJI Sjui£.VI 



Reversing Layer 4m£UJI <^hJa£ 

SjLC lj S[ o i jjLst_j_i Vj 3j-jIoLj_a j^' ^Llj ^j^-II d 3 Jail ^jj-Aj 

cl qUI ^J-i^ 4_u3_At CjI j ^ m n ill l_AjJLt-£5 ijr^ iCjIjILo ^LjSDI ^ya CjLus 

oljjlJI ^L^Lal 3 j I n r £>_^3 (<Ci3 ^jdl JLaJ.1 ji 3_2_lLJI L^jV idiiill 
, Uj 1^ ^ tiUIi jj-^ ^-^-^L$ l O " 0 uu-1 ^yj^-LgsJl t_£i_jiaJI jj-* *0— ?^ *-HiLa_j^^>»J 1^ 
icLjj^IjiJI ^ 5-JaJI OJLA «Uj/IjJ (jjjJa (2>^J .«Lu-uiill L^jJ-Ju LgJj ^aLcaj aVI 
4jjL«_iSLIIj 4_uLjj_LflJI CjLayLnll (j-a j-uSLII i_3o^oJI (jjs liiiill cl nlr 

I j^LuU 

c-i£i JL>. 3_^LtJI 42jaJI 
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(ChromosphereU^ttt i *fl ■ hit ) 

(^Jl i(j .1 .1 i" i I I (j^aj-flj i 1-m-kJLI i a 11 <_S^L«JI <■ m i ni l ^>-JJ 

I jut tfj .i g uJI 4j^SUI d iijUII Q^SLj mJ jlll J-^l jLL -S^J-J 

4 l^_Lc d i u ^LjlJI d n i to 1 1 fiLjJLUll d n i to 1 1 ^-^^ • j-J-tL-o^-fi Jj^LJ I ^_u/L 

jj_a La J i" i ii " (jH-ll ^-J-^JJ-!' d iu-LaJI dJJj (j-a d j <i i n"tl oJUfc Cm i h'^I JLSj 

Lajux. i(j .I g i"ill ( _ ;r lSLII i— i u£Jl 3JL>. ( _ ;r a <LajJslj jJ-jj cH^'-5 't^ 1 r"JU '-d^ 

' t^J"*- 'J S3.! ^Ijjel^^LlLuij *JJ^ tl d 5 Jq JJLtIl£ igj n 0 Mill jj-fl mj9 J-*5_tlII C_ t^t^t-l 

j Ll? i_iJl 480 Corona quo ui II ^Ij j! JjK^I I jut J) or jJ-Sjj 

CjU oIUJI o i ui <lL^L> CiL^ULuI Lj_Lo J1IL4-1 Jl9j ^ o laj * rt O i njl Lfc jLuI^ < jZus 

^Lj (jl . (j ii o i"i tl 3_aL>. <LjjLLlt 4 S_iJaJ I *ljj (j_o jj-ij t<l i i nlVI jl 
(j-a OJ^-° ' Upper Atmosphere uAl LlUJI «l^>-^l ,j-o j.n uJI 
^Ljj . "IcLuJI ( _ ;r 3 j>Ho ^L£ Uir!^- 0 ' ' c^' -y 5 * ^ ' " 4jLuIa Cj LjijUSLII 

a -? s ? JX T! (>"< "'tl (j^ i3j-SL<J! CjVL>JI (jJjJ V (j ml i"itl 

.Jim i"ill ^Kll i fl i n'C II ^Lut 43jutl ui a 

CjIj j i^LlaJL d ju uA\ (JjKVI I jut -S^J-J lLLLUI »l glr (jAjlj j i "^jj 

i Ll£ J_a fiL) i,^l i n a ^ n o ui J I z jj-* O * d ^ * jj^ LulJ I 

tj-j_4-3 ^j^J JSLuiJ U^xls J_umJj IjUjJ ^^-23 LaJLt^, 3j!i ^J^J •L^L)-^' ^J-* d 2 1 IaJ 
L^S^LLil joJi I j . ^ I . a] " I jojj cLSjjJaJI OJU^J jno i"itl 4^LLi (jLa LdJi (jr^J 
J j I ->o i aLxla-tl d ta i "Ijj (jSLxjj i I j" i au a I cH^' ^J 1 -^' Jr 1 ^ * S^ 1 * 2 l£ ^^ 
(2rUulaJ-i IkaJI sjjjJ-lLLLUI »l <ilr (jl^ Jl^j .SJjLHo o'j-'' Cr'l (3^^' *J 
, Uj >, 1 1 C-cjL^ i t n £j\ i n o ~w (j^J-o ^ LlA i4_o*L*JI aJJt ijr S ijr S 
( _ ;r lc i_SjM-«_a j-j-c J-jJ-^>- j 'ro i r ^1 (JTj-*J ^ i i g i" . t l JjKI »lj i^i-^JI 
jjl-Jj-jl (_g J-jj i ii II j«JL«JI *L>. (j)-S>-Ij ' (j»j-uj|jj^) jo-u/l (jUal i(_p=>jVI 

JljJ_>JI j i a * c (j_a 3_jjLc Cjljj (j^. 4_><jLi t ^ Ii i a >■ 1 1 SalajJ I ^1 (jTUyJ 
S_iLa_u/ (Ji-lj 3ljj SjLc (jjSju JLjJ->JI (jjjLS . LjjLjM^SLII L^la C-i^.j-1 
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. 2_LjLjJI Sjlj^J! <_jL*.j.j 

CjJLa_j La IjUtJ i Ll^pSLIJ 13 (j ii n i"i tl J j 1 £1 J_JJL>JI Sjj ) S flJJ 

Cj!jLrc_fl_iV! dJJLj <■ 1 j 1 11 J 1 j—lojj/jjs jj£LI I J JjJ^^/l SjIjjs. 4j>-jJ jJujjj 
^ d J ij^ptjL^. ^- l ^ jv JJ^ ' all (jl .4_lL>.1 J_J1 CjULilaJl CjJL>u 
^—ij'C 1 ill" ) , ,, ij i4^t3^U| 3jIj_>JLj 4la^e_o 3j3^L«i£. ^3^. (Ji-I J-II (j-o 4-JI 

( j^o (j-\_j^L_L Li (^j-L* ^_La_*_u cjIj (jj-^J j^' ..j"jAt1 d ^ Ja l^Lh tl)' o^*^* 

£3jj 4 j 1 mi i"itl j^uLuJI aJJbj . j~uz 800 ^1 I U a d . aj SjQx-a 

. ^ 1 11 0 Miti gj-ii^yij ' "j ^jj^^^ 3jijj>. <l>.jj ^jjs 

i<LcLajj! *&js>. ^ jLJLlI I jut jjLIj o^Jj .olj^o ^IjSLI! <_aVT a ,tn uJI 
4_S_i_Lj A?-*^ j*-* ' (J » ^ ^ ^ o-'l (j-^— '-j-^ j ; , „ Ul 1 . La j La -» j 
' ■-»-»-' 5 tj^,,.«^ Aj":t 1 jl «t1 I 1 * 3 «jj ^jC ^ \^ ^rj -s. I a j ^ X , -ij"j al\ 
A '< 1 11 11 JLj*_l3 i(j 11 n i"i 1 t 1— 1 n'C 11 (jLjl ii_alaL>Jl j jii i iijjjAII jjj-J 

aJJb (Uaju) (jl J^J i(j 11 n i"ill 43 Ls. JLu (cjU jL«Jl (j-a 4£lj_i 

. 4 j 1 11 a ."ill j-iJl (_£ji^-l 3iL>. w j~ ~j IJljj cjUjUIII 

3j1jj>. (J^i d 2 ta * rt t<Ld-LaLc d S ta * rt C> i im! 4 J i u <i i"i!1 d * 2 ■ 1 1 J 

Lla-O-Se * 1 o c JLjJljIo w , *« ^ JLjt.a L^Jjju 4j^l_A i l-Ajl (j-* 
i4ji_j_t£. Sj^j 5JL>. ^3 4 j i n <a i"i!1 4jlS_l11 (J^>* S^LLl (j^-Ij ' '^"j^H d 2 La * g 

3 ; ; ,„ ^-2 . ^ , tl J^jv ,j_a-£jL>JI ^Jl jjjjj 0 ,i g Mill Ji-b ^ S^LLaJlj 
Ljj| JL>JI ^Jl IjLp-l oljLaiijVI ojSj Ji^j .SJjLjJI cljIjbtijVI 

djj^ ^Jj J^tjj ^j>.jL>J1 fil < ca all (^jJl ij-Lflj_o^j^flJl (j-* O^*- 1 3^-23 

Jut JJ 1 ""' '(Jjl^il jLiJ I (j-a 
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Cil n j i ii CjLjj3jy_i!! I i eajf Lx-ijj Juii (j no i"itl 4jaLLa J 25 u V <U^iit3 

(^jtj iSolar Flare 0 . o £J\ jj>-Ll!! ji =Lj^ lS^-II I 

j ^ «L>.j_i w tl-^l ->■ a lLLI!} ^j^SL] La j-_u^j- L^jj 1jj>. £_*2jjj 4_tijt_a d 2 La * rt 
^-Lxm (j-a 4jLU JL>.lj (j^ 1 ui£ *>f^ i m w La «" JLSj .4jjLc 

4jujjjj Cj 1_4_u_uj>. (J_u_^_lIJ1 c_3J_aj La i^-oxxuHJI ^_A^J1 CjjJj>. JlJlCJ 

&JJb J-^J Lo j-u_4_j (J^-uJI i^L_ujVl SjLjIjJLo CjLfl>L>o1 tjr 5 4£j->J1 

jjjlu ^^^1 ijj-A ■ ^ Sj-ijSLII Cj L*_A^HJ 1 j .(^paj^l 4_l>.Lj ^ 5 LLa * 1 1 Cj Li_u_u_>J 1 
(Jj>. 1 jGj 4_j j_^_t!u.L 1 Cj Li_u_u_>J 1 (j-* <— t^t_*-u J t Cj Li j)j-ji I (j-* f ^ ' 1 L^-La 

CJJJ_>J J-J-^l «Li-£3J-5 CJLlA ^J^SLlJ iSjt^JLA 4_U_a_ti3 LaLa Cj VL*_4-1 2 a 

Cj Lj_^ 4-l<-u-^-J*uJ 1 Cj [seJb ^Hl 1 jlbtj j . 4_u_u_^_lIJ 1 d_»_a_J 1 j-X-i ^ Lu I Cj L*_A ^UJ 1 
CjI , ,i^JI £yi ^Ls^iaJI tiU j ^ Utxbl j jJLu ^jJI j-aVl i^LLaJI ^ 4jjL^ 

g.1 JaAJl L^j (-_3J_flj i^P-Il 

CjLfljjaJI ^jltitj jLiJI ,jl ^1 jl\ j , ^tjU^fl ^^i-^ .i o <"n\\ (jJaL i^ 

i-AJLi c j - (j J d i u^jjjflJl) 4gj-LgaJ,l g> 5 Jail (J-t-aj Cr^" ^j-**-* c?^^ 
L^£. L_uj 1 Lea * Cj LSj ^j « ^Liu » j LiJ 1 j . Li_a jj-oxuIuJ 1 JLuaj-j dJJ !i 
Jl_SJj >^_iAj ail i _ ? j3 j-JuTluj Cj Lu-l>J Lj ijr <j_i_ujj k jJLq (_tiit ^t-i 

CjJlj>o 4_£j-j?c_ILX 1 CjljLiJI 0jJb ^jLi tJj-^J 3 jj la * i LfJLLdi i g.La-Li ^j-^* * ^*Jl2j 
^j-j>.1 CjljLc. 3j— w ^ ■ c^I ^ 3 ^ ?*'l frLj-il i((4_uj_u3)> CjL>.j_<_j 

4 " > \ ir^j Lo t Lalg ^1^>J ^ ' ^ CjL>.j_<iILt1 JjtJ?Ej IjLAj i L^j a JlLaj tajj 

j<j_*-uL (-3j-«-j (^jJl ' a ' « II jUjui ^5-t-ll tiiiii Jij3 iri«> uJI J^yi ^1 
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CjL>.jj»jJI <bj la ' jl Lajj (_glj (^-Sj-ji-Vl CjL>.j1I i(a|jllaj oVI CjL>.jjs) 

3jljL>. 4j>.J.} ^LflJjl L (I I UJ (jy^JI ijr A-4_U^_t-£l] 1 

U I r ^Lt3 3.Sjj>.jAI CjI£j_>JI (jl '.^Vl J ii III 2jj tajill ^jut ^1 4jvjjj 

cjLcLoJjI (_gl) (j " i i"itl j^>- (j-o (jlri i nil ^ 2 ilaJI tfjuk jLu (_ 3 3-JI cjLcLaJjVI 

(_g j-!l g_^_Ll ( (jja J-Sl jJI ( _ ;r 3 i." i ' njl i (j_lojj/jjj^J I J-" 1 ' 

£jj (j^o sLjiLc ^ ( _ ;r -A ^LjlS vijjijo CjL^j_>JL3 i4jjjiill 4.1 Jj-Sj 

. 3_jj>-jjijJI 4^j_>JI £jj (jja i njlj i Lg-mAj S.jLt.1 4^jj>. 4joLJI 4^j_>JI 

(jj-aJ! 3j J » I r-i jno i"ill C^jL^ LaJiJt£. (_gl i4jjj/ (j-U^L) 4jLJjl jl Sj^J J-i-a 

J * jug Mill OuL^ (4_u_u (j-\_]^Ll d I ii i ^ J J1 J^. (jVI Lfcj-aX. £-Lu) * lj< I 'I t 

^-j « i"iV [^-j-se-uJI ( _ ;r uaLtl JL3 i(_p3jVI c_i£a£ (jl J-J Vj 

jjjjLj-uIj . ^jVI 4_1 ( _p3j-jLLl La_a Ij-J^ Jl^IuI J^^- 1 4 Lab* 4 « Mil J w 3e i a * ) 
^J-» 1 ' gaj (j! jj^-a-l tgj u a uJI J.;^ ' 'J aj^UI d 3 tla JaLcuJ (jl Clljl i**<f VI 

uulal UtXI (JL^- o 13 Jl).}L>J1 (^jJ^ejjjGJI ' LcaJl 1 Lta_uj-a ^Jli 4_j|j jj-ajJI £_a 

|jl i(j n a i^i II ilLLflJI sLaJLc j^jIUi JjirU (j ii <i Mill jj taj Lai ^" ' fl^ La-a 
(J*^>.JjJul$1\ jj-a (jja (jjjla 650 JUj-J V La (jr^ jlj a" ' "VI I tali i ul 

^jl*.! 3jHiI 4^LtaJI jj-u (JIaj ^I-j-UsLsJI C^jJI ( _ ;r 3 (_Lt-flj La^-4_uL\II ( _ ;r 3 
(^jJI jjj^tlu l_AJuuj i(4_u_u (jj-jJLa i_sVT 4 i n ^1) 4_u_u (j^- 1 ^!- 5 5 J^tJ L^J jJa 
4^LU CjJLjoj .j»jLoJI (_L^aAll (jjs ^ i eaxj ■ ■■ LtS ijjia-ul ^oj j_aj>.| Jj^La-d 
(Jjj^o J^Li. i4_jjIj_>JI 4_jjjjJI Cj^LcLojJLi i_3jjlj La (jjjja ^jun i"ill 
( _ ;r 3 Jja^tlll lLL! j L^j jojj (jr^JI 4-2jj_LaJI i_3jjijj . ^>j j I it ^1 (ju>-j|j JLi^JI 
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.Proton-Proton (jajjy_]-(jajjij^JI 3 1 1 ..1 1 1( j a uA\ 
Sj-jI.} Jj-jj-la (j_c (J-jj se "it! Ltiajt L#j (j£La_i l^J-^' ^-^J-^ 3 ■ ' lIILlAj 

(jl i.m--. (ja^la 20 (^Ij^s- Sjlj^>JI oJiL lil iQ^jj£L!I 

i<L>.jJ (jajla ' ■> (.j-II >^>- j-Lu (j " 1 M i l l (Ji-l-5 r^t^na 3jlj_>JI 

CjaJL>. jcU-i (jSLIj i. Lc^j miJ 4_uj_Al jii^VI (j^j)j-)-(jajj)j»AJ1 Cj^LcLoj 

( _ T i JU V . S((j^j|j_i-(jajj|_)_ill) ^u-u! 'LjJ^- (j^ 3 ' lS 1 -^' lSJJ-^' (J^-LajJ! I jut 
(j_a i(j ii a mi II l_J-3 ( _ ;r ^ SjIjLjJ! 4jJjJl!I L-SjijJa-JI (ji <_Sjju (jl (j-a SjljuJI 
((j^_ji_a (ja_ji-a) (j^jjjjji ^,JI < a | LLajLi taj i«L>.j.} (ja_ji-a 15 £-Lu ^J^J- 5 * 4 ^ >, J-^ 
jj ' aj J^-" 2 - 5 ^^-^ (J^ * Q**' rt J**' '' ' " 2j54 ~~ 3^11) ^ JLJ J-^ 4_t-£5 ^^11 (J-^ 3 

. 4Lt jdll i_3jjJiI! ajjt JiLa LuL&il (j^s t_jj-Sj (j! I r.<» I U~ , ,,l ^ , ^j^^i 

i U ii 1 ^ ^>-JJ (Jj lSJ- 3 '-'J^H lS' q ^ J J (jl * i(— Sj^JaJI tfJ-A (Jflo (^^ 

(j^o ^ .I j lj . L^3l_jjj_lSLII jj-c £\_Li^a_fl_La Sjjjj cjLjjj^jjj i *j^>- di Lj^^nSLII 
I j_a (_jji Vlj ivijjjL^>JI 4jjjjJ! cj^icLajJ! (jjSu (jl 'j^jjj 

a| jig-La i jjfc (_£j|a_Ltl (J^Lalll S jU-w Jjl (jl . »l i^i ril l (jjiJS-t 

Lcjj_La i(j-^>-jj JU-ik 3ji 3l^j (j^. SjL^. j-flljJI (^ (jjjjjj (J£j . (j-ujj jij-i 

i(jo-lj (jjj^j_l + Jl>.Ij (jjjjSLII = <j-Uj.JjJ.LgJ I 3jj) J-0-_aJI L^jjjjSLII Lgia 
(j-Uajjjj-JI . V.tl .'a .Cj^LcLcj Sjx. CjJLso (j-Ujj I (jjJ-A JiLa ^LajJLij 
^LjJ£j i Deuterium ^jj^_ujjjJ I (_gf (j^jjjj^lt Jjilll j_ililll Si (jLySLj Lla 
(j< n i n"v ^Lljl d 'it i'iIIj 4^r»JI 4^lli (jiijLa (jjs I uih a VI I JL^J (^yjjLj. 

.Positron (jjjIuj^jJIj Neutrino jJjjj^jJJI : I a it (jjjjs-T 
(jia-Sj-j J-Aj ttLLse-ui jl 4_t^ 4J jjjijJ (^-Ijl i n> j-it jjjjj^jjj I j 

a 'I i alJ 3je-uJ£-4jI uU Jj^aai ij^' 3 '^' (jlr (ja^JI (^ SjLa 4jI jjs J*- I 
jljLci i-LlI i i»j f. I Lta-tL! I (^1 (j .1 n Mill LSj^ieji j I la * j 4jla-(jljaJj|j^II 

^j_a ^jL_l^ I mi tjl^ a**i t uLl ^ LtiaAJI *iL>.jl (__) CjI J-t;^)^ 3^*-^^ (j-* clljl-A 
La^ ( _p3j^/l jj^ii. CjI ^oJuj^o-uJ I i>JLA jj-a j-u£j 4^^e_l1I (j^j^Li i lil alse rt 

■iIti'i c?^- 5 p j 1 "> jj* J-^. La^ (j^pSLlVLa . S^La 2 < j I 3 jLUa>s 

Jm_lJ .4_i^>.^_a d it mi ^J_aj?ej cU£Llj (jjij^SLII (j^pjj^ooJI Lai i4_JLt_u 
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q^jSa&J^ Li ■> J La i a J 4_j_iL\II (jjs Cr^J i^jJLuJI 4 it i'iII Cj! j 3-j.jLkJ! 

ta >JI Lai 2 La tt ^_a a j aj La-^-lc li^juJjj L»-a ^LuS/^LU^ i(_gjL«J! 
-(J-jJLjJI Jj ' J J H lSO f'jdj-yj'- 1 -" (IhiJ^ '^ U V"(J £ ' ' O"^ £ Lj-iLJ! 

^ i ' aaj a ij^>- 1 Lojjij-j ^ jjjUjj jJI 31 ^oj a *"' 5j tilt-o* i^jl^J ^-L^aj ijr 3 ^Hj^ 
JjLtlLa ^^jJJ CjLlajJj_iI! aJJt JU>.| J^tjjJ i L-a CjLaJJjj Cj^Ij 

I i*ri f \ La^ . (3-^o_lLa Lj-ilg Jjllaj) Aaal^U d li-iAj. 31 ^oj ^j^oSJuj Lse 
djLcl < uiVI j-i^aJsl-LaLj. 3 < i^i! tajl i,Jc.LilJI I jjt ^ Jjjuijl jJJtlJI 
JUj-LI j-jj^>o 1 J-A «L^_uj LLa «L>.^_a (J^aia 4_j_t^_^LLi_ajj^£LI1 

■ 3j,,in uJI SJaLLaJ! 

J^tjj idJjSLJI jj-a (jia jj^J^La 5 ;_£jLjiJ La JLfli £_a ^^lLjJI (j-a (j-^a 653 ^1 
cljLLa 

SjJLaJl £JL^J j 2 **''■■ ^ J-^j (-_3j_i_u -j-u-^-Jui 1 (jl ^xLaJl * (jj-t-*J ^ ! Jufcj 

iLu^a CjLjjj^ (J^-*^ i(j >i 0 uJI <- <\°\ «L>oL(J1 4^LLaJ1 JL>.Ljj . JLoL>. j^a-ul 
^ ^-i t -^i— t-<-'.o- «LuaIL4_i ^-tfoil (jLLaJtJl \jJt ^j^j^S ^Jjj>.J_ij i4^LLi]l 4ju2jj-<s 

(j-^o ^jCj-JLij 4^_j_i_u^>J1 jj- 0 4jL*_u1 Jju ^j-L^aJl «Lcj-i_uj ^j^jj^JI J^HaJj 
j^>-I ^ij i ^ ^"i' Lo ^jLcj I ri'q i Ij-;^ J tin V 4jL^ 4JjL^J1 4^.j-<_uJ1 &JJt 

jjSLlj .1 <j j*^ ^1 d ♦ uiXl ^ 5 j La 1 1 ^jjj^ill J-t-^J tillj ^Lut 

ufJj^elb V (j^jj-ill ^jt fiLjSLlill CjLiL_u_>J1 (j- 0 ^ ' Jt^Jj . 1jL>. ^ La * 4_a J_Zj 

^5— d * ^» ***. ^ \ ^ILv i jJl^l_U_U_uJ 1 jj-* ( ^lIT O^ 0 lbjUiJptl>\ (jjS 

Cr^ J '0 " » '»^ J-La^ iLdLi LjA^uta- ,_L3Ijj 
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^JI L o T lj «LajLdJ. ^^pajjLu ^^j-Aj t(J " a uill ^-Laj-o dJsUaJI * 1^ i n*MJ . sLjlJoXI 

»l aUtl j J^s jSj iCjLijj^a ,>*■ ' o^i p - ' ""?* (J-° L^Il2jj! ( _ ;r 3 

(^XJ 3 '> i ,i Qi-^- 0 cr^'j-*" '^jIVIjJI SJLJaJI ^ 4l<i/LiJI (ji 

(_jjlj.il! (jLtaj'^! (jlS" Laj-i^. (j mi ."ill i_Aa (j^s L<iu Lxjj ij-UsL>J! ojsaJ! 

4j*_lj_i t(j ii a ."ill (^ L^jjJLs. liliil! »l a Ir J-^<MJ cH^' 'Lh!-*^' Cr^ " 

j a"i i ,i a tlaajjfc ^Jl jjjs JL> V dJ^l^-uV! dlli (jl (^J^l MjLaijU JJLlj jJs 
CjjjL>JIj 3jj|j_jJ! i^^S JL>.Ljj ^ w LaaJ I i i u a t~i Jjjdi 1 ^ jj a SJaUaJI ^Llil fjjs 
I ! i n a i"i (jlj 'OJ^i <J-^ o' "-^^l liliaJI »l a lr isLx-ii (j^J '(J-°j-^ O 
4jj!j_>JI 4jjjjJ! CjVa^tll! CjLcj_<j/ q] lLL! j . ^ j^l ^Jl L^Sjjj JjIjjj 

4ji >Lla LLUsjij I jla .J^Lilll ^ ir. j j i .."t ^pJI 3jIjj>J! ^yk: liiljl" 

(j ii a i"itl JJ^ij 'J^' Sjuiuj ' "»> JJ^aJ! (_>a sU^LJI 4 j? xJI 

(j ii a i"ill Ja^aJLi U jJLajs i u a i"ill «(jj^J!» (jlS" Lxjs 

(jjSjy (_gjJ!) ajj-il^Jl^ i^Lul/'^l a I ■ au a I <— jljLiJ! SjJ^ I ajgiej j i" i uJt, I 

^1 , ^1 jjjc, 3jJ^ JJ^' ((j^^JU^rl^' ^LajjV 4j*_uj jm i"ill (^^Li 
(JcLilll (j^s 4iikill 4^LLJ! ^^Ij dl! j-ij . . u \ (f^-jj <>a ^Lui^l 
. ^ ii a '"itl ^Jaj_u 3^eJ L^JajjJa j-j^t CjLiojto-a i^j^_Ll1 ^j1j->J1 
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^Lljl Jj-«-a 3jIj_>JI <L>-jJ SjLjj ^yJJ mJjJj Lva t( j , i a M i lt (_£j^j_U 

i jLijjVI u°i ma Mitt ^Lui^l jl a^tntt CuLLaaJI UJJJJ .^LsLLJI 

(J^sLlLi 4jIj . jLzitl (j1^>-j|j JljL^JI i *1 mijj LajUi2 3j_a I—it I Jjj_u_u 4j|j 

4 null jim Mitl j t^a ' d » * julj-a t^j n a Mitl 3j)aj>. ^aJ.1 (j-\j>.Jj Ji_L$J1 ^Ju^ 
. j-jjjiltl-i (_^i«LuJI ( _ ;r 3 lilti Juu JLs-Lj j<u 5>J-^ 
4joI_l!I iSjUJuSJt 3j)j|j_jJI i. i j i uj jlsjVl ij^- SLpJI w j~ u (jl (j-o "^J-y 
t LflJI L^J jJ-<La (_psj^t (j,!^- SLpJI jl J-so i<Lmn Mitl (j a S I j-a 

^L_L>. jj-* 3 < 'J S " t_J3jL-LC (J 'I 0 Ml tt LAjJ^**( I II (jyJ-tt i4jjl_$JI 3jtj->Jt I. Mill) 

2-jLa ^LaJI ^Lk-JuVI <j-a j_t£l J Jjlaj (j-uk Mitl ^1 < mi VI SjLjjjj . I 

j J ■ ^ Vl JjjILrsJll j-a (jlj iOt Eaj-aJ Ij jl x xll (j U'r'q i«Ltl jl jtr 4j>-jJ) 

.4_lUsjVI iSi flit 3jaSLU ijuLuaj I jjje laJI 

(J!La l(_p3jVl ^t-llil (_j^>- <jJ^ -^J-J JJ ' <~i~< 1 o' ' . 1 < '^tl (j-OJ 

M^jJI-O-a^JI I jut (»>L«JI ^J-Sj (jl J-a-oJJ (j-o (jl^ (jlj i<_Sj|j_laJI 

Cjo_ljj (jt fl-il j aa» (jlSLal (jJI-^ i Mitt (j_o (j^_i^Li (j imi~w ^l-u-ij t_LLu ' a a * 
. I flj^ (j"n«_t (jl jL^ujAJ (jSLaj <-^p- '>t^Jt 4-aj£!-a (jj^J (_p3j^/t (j-I^Ll ( _ ;r 3 
3|_l>JI jlj n" 1 iiV Jjj 1 11 jL»jl i(jl£Lo^l ( _ ;r 3 ^ ^i«JI j» Jl2j (Jjt^=J 

cjIj_JuJI jl LJLi t_tjJu Vl (jyij-y (j^-tj • Sjlj->Jt cjL>-jj f_y£ ^LajjVI I jut 

(^ 4jLc. (jj*C"i 1 .1 i^mk Mitl ^1 < miVI (jlr tj tali 1 ■■ (_yltl 
(^1 mJJ>Jj ■(jinn Mitl Jal mi itl 3 JiLjj (jl (j^LLHI 1 n-»JLi (ji-u (jl (jSLa-ij 
«L_j^>.^J^_j^>. Ijj 1 ga c (jl JL>. (^yJI fiJajj (_p3j^l ^Ja-ui 3jIjj>. «L>.jJ) 

Jljs-Ij (jjl vl>^ ^° ^1 (J " " '"'^ l-^^-* - («-tj tO-iia S 'I Ji^ I 1^1 J 

jii^Li (^pajVI 3jIjj>. «L>.jJ) ^^jjj ^c-t Li^ . JLl^JI (j_a fibj_(_=»o 4jL1I 

(jj t(j n 0 mi tl 4jjIj->JI 4_ij^_lII CjLjJLjjlII ^-»Lu (jl .3j)jjjt_a CjL>.jJ) (j_a 

^_jL_l_l (j^SLi_i_u (J_l i L^J (j-J J «**( I 11 a (^y^ tj^ -1 4jjl^ (J'C mi (jr^l-J 

. SJjjJa 3j_uaj L^£. j^j (Jj£ 4jl3 jILa 
(_g! L^J 7) jj (ji^ i(ju>.j|j Jljj* (jjs L^J La J-;US^>- (j 11 a Mitl 1 'I l^j" 1 iU LajjiCJ 

jjt u .1 n M i t l J ? n" (jl J) jjc^jj lijjijjJI 4ijLLaJI i^a (j-a j Jj^sjs 
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pLuiJI qo pjlc 



(_ ? JL>- IjLjjij IJlJ^j (j n a ui II ^1 « mi^I (JJLi t^alS!xJI JjjjJsa (j£. 3j1j->J1 

JL>.| ^ < a a C^jLiC a J ^ Cjo_4J j<S-J LcpjLcp (j^a (j u a uJI * 

5j * * 1 j . LuJI ^ j^e-lJI * I (jj-Aj 'tj n o Mill . . SoJillj ^qj?e_>J1 ^ La i "j" rt ^oj*_(J1 

? LUaAJ! (jl af I i ! J-»J JJ^^I ^jjs-VI ^aj*-cJI (_>iuu 2 i 3 Mi^Lla ^1 (jVI 

(j-mJLi 4_]J)jJ! tit-o-. t»l a i all ijr 5 mi" a jJLu ^oj*_lJIj t i^l^SLlI (ji 

j-o^/La ugaJa t-ij'C i ..I" J!>Li- (j-a L$-<J! Ljjiaj lil Lai ,1.11 .i^a Sj^>J,I 

m£j— 1 (jj LxjI tlA^ ijr^ ' J.! ' a ^"'^ Lh* ^c? * 1 ^1 ^SLII (_£j-u_u LuV 1 1 d b se rt 

*jJ,l .sLSLj V -1 a 1 nil ^ 31j 1^1 a Lk^j VI -(j 11 a mi 1 1 Jju-LuJI (»>5=-iJI MJ"^' 

.Sj«j*-lIIj <_<£jSLII <j-u •l£> : *"^' o^- L*liJ^"i j-i-*- 1 

t3_ijl i n**i a Jlo^sIjJLI jJljj L^-aLstJ*. I (j^J 4^oj?e_lJ! Jjljj t &\ ^aSLJI 1 ^jJaj 

.i_^IjSLIIj ^jja-JI (j-u (jjjlj-iin (ji^. <— SjjtHi (jl c_<j>.j 

LaJLa i S l_Ua_i_JI ^IjJa^l 3_1jLU f Ljii^L) SjLc (o^till .f^>-JI - 

(jl LiLJj jJLj-aj c-c^o^LJ! 3E3» (j_a J-^-^- 1 (^oLoll < aAll (^y^ < 1 

^-Lc f£ i-ni\ 138 "J la St-^j J ui 1 1 i_c£j^-3 j 1 ,1 a Mill 4^jjijJ.I (_^lj^ jj^I 

.jILa ijlj^ t_iiJl 384 j (j^-LLa La 1 ■•j" a ^>»j c?~^^"o " '"'^ J tl)' 

1 ha ^Q°> j<u a" 1 n a ^^jj-Laji! i Q>2 C 1 ^?-^' • 'Lp'jJ' 3«LuaVI - 

3-l1i>.jjJ-i^JI 4x>.LajLjVI cij^LcLfliLI S^uJ^ i^U^iVI ^pl j jl) <Lul j S«Lisl 

p 1 ii-^ja i_*£a£JI Lai iSjuiill 4jSLU I J Ic jJjjjj 4li-l J CjJLso (jjJI 4jJjjJI 
(^j-L^, (4jj)^oj jl 4jjIjj>.) ^oj m^I jj-a Cj^LcLoS iJJLlA O i im!^ t4ga J Ja 1 ^Ljl^s 
>jjJa (_gl (j 11 a i"itl «jjJa (jjiSLtj 4jV LdJjLS LSj 1 a oLulj I jlj 1 ^ se La 1 ■■ 

I J**' J_t£,J lUi^^ I i I tOJ i (jl 4 LuLttlil (j^, C_ 4-LJU Vl C_t^tJJ J,''^" 

«Lcj_a^>J,l (j-a J^s- I ^ U 1 11 (jjs jl j n (ill ^Jajji (jja 

sLa- uigJLI i^jjJI j_Lj-aj L^-ijjJ L>^3 tj-&2l\ JJLy Lali J^-p J 1 " " '"'^ 

-(j n a Mill Jjlj-LLjJI f->*J « ) J^I ^ JLJ (j-a (^h^J^^ (jr^i t — ■ L)"^" 1 ^1 ^*°' *cH 3 ^J- L ^^- 1 

Jj 1 1 J_if LikljJi (j_La (_fj_a 5_JL>JI 3 Iiill j-lLsLlU JUjI ^jl -\» jLtalaj 
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(^JLu (jj^-H ^J?E_lJ1 L_SVT JlLo 3jJ< lr~> JIH1 Mill ^J-U-U 

i_^ljSLI! La! iSijl^J! L^±£ ^Jl f>?^l jUlxJj .*U^J! ^ 3JLJ JfT 

(_^jJI h_£jij_lJ! (J-cl aXll ^LljV (j 1 -^^ j-i^- I j ilaljJ 3jIj_>J!j . Ui , Vitt 
' La 3. al J La i a VI J 4_t£. j-JJU La ' L^-yl-JJ Cj!j jJI j»Utl!l ^\ (.g-ijj 

, ^ ; . tl JjjsbjJI cjLlUx. 4_t£. (_g jJlj iHead-On Collision p j S3 i ■■ c 

Cr'i U^JJ-^*" Cr'l J "~ , ' lC 0* Ji^*^' LSD 

C^l^ JUL..! 

I j» 1 >■ I (jylll CiLajU U J^j . 3j_a Ajllim ^e-i (3J5I-1) 4 j 1 h 1 '"ill 4cjju>JU 

j»! JlicILj/Lij L^LJal JjIjo (jjjJa I j .lie J 1 aje 1 i3j_l«_J! liilj (jx. 

.^jjjI jJ! LdlAJI 

,_pajVI I JJ^** Lij*if I "jjl ^ I 'j*. 4 ^-^ lPW Ij La jj 

jL*jV| dib <_>uLl3 (^3 j*±ua3 V 1 jIa >L£JLi j! J^db fl i^J^iaJ! jLuSU 

i_aj_jjtJ.I 1 Light Year (SjSjx^aJI 3 ! i ..11) diLill »l olr 4 j ^ i .n La ajj*Jl!I 

jj_a Lcl » i"i (jl LlUsj^ ^ia i^LuliUI jHo _jb^ <— 2lIT 300 ■ a II icj_ui £)1 

x 300 4-ulii x 60 42j^j 60 x 3_c:L-u x 24 Lajj 365 = 5-al , ,iU : JjL»j 4iL^a 

300000 x 60 x 60 x 24 x 365= 
. j^j-A ^-L^ (J^_lLo 1 0 ^->- — 

(Ij It^a 12 <LoLofj 10 a&j ij,]) 12 10 C-J^JJ 
^j^-iLo I 0 ^j>* ? j L^aJl ^Lt-tTo ^Ja2j 4_uj_u3 d_u_u jJ^L>. «U t LiJJ!i ^-Lt-o-^ 
Cj\J$\ imH 4-j-t-uLj all SjL^jJl 

AJLSteJi-UiJ ^^yllJI 3JiJJl>JL1 (J-uLlSJI CjljL>.J (j^ (^p^ LtTn-uJ i 4JUM LuJ 1 
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*Lu2JI qo pJLc 



. r 1 tia aJi ^3 5_sL_u_o (J-uLloI 4_Jjia 
1 !i l_3 . 4_u ^juo 4_u_u 4j2 <l_9 L<-u_a i _ T i^. i (j "JJ^ *** • I ^*-<-I 1 ^-Aj-(j-u-<J-*Iai 1 

: J J L*_i 4j 1 Jtr*o i ^LiLo jj-u^-toJ 1 J-t-u 

I2 I0 x 4,2 

J^t-A ^ \ ^j^_lLi ^j^_lLo 24 — 
4jL»j^iiLi (j mi i"itl Jlju JjjJ ' U "JJ * a • I ^JJ^ (j-*-*-*^ 

Lxjjj ij\ i mil i_aVT 

Classes of Stars fC^JI Mrft^Jl 

Super Giants <iaM*-*J1 <3£3 j»jj>ijJ1 - 

i^j-lSLII 3jjJ.I) j! (LjJj-!! 5l1!Ujl)I) ^1 (jn'CUll l^jlr (jH^jj 

i j r A ^J-tJl 1 JLA 4JlLa| jj_aj i .J- uZ J-L^ (j^iLa (—3^1 4lL<_u L^-La ^j-^* ■ H ^ 

Giants <13^UjJ1 >^>*xJI - 
■ La i -j" a j-ljjj 4j-4->Jl 3jij-L1 Red Giants j-<j_>J1 3JL!Lul!1 j<u-u1 I fcilg ^llaj 

. (Ji^jjlJI ^>»J 1 ^** r 1j A 1 (jH*i (J^i-^ 0 ^ J 136 - 1 ^ & j 1 La 9 1 
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Main Sequence ^ uu jjLLjJI j»_^>«j - 
44_lj_u_ujJ! 2 q j la * 1 1 Jl d la i ■ ■j"t 1 ^^j?e_lI1 Ltiajt ^qm" ^jr^3 

5 t j I ^" ^_so (jj-Aj *(j n o Mill Lu3_=»o L^JLaj ij-s_>JI fiLoJLjjtJ! Lsj^jv. ^Jjsl 

Jjij (jl I ;.U", , „l i^^jcJ! jj^i 2 Utl oj^J Vlilo I i i ii o UjL>.| lilj ■ I jl^ 
, U , I ^Li£ i_iJi 360 j lJ^jJ- 0 (jr" 3^ j^P I *j I ta a j (jl 

Dwarfs (jljiJJl (J^JI 

Ljjia. jiifii t^-Aj i White Dwarfs »l i^ixll ^IjJaV! LJLc. ^ ■> . ujj 

jJLS Sj_a Q^lL^j jJLflj I j*i'al~X | j t ^IjLt 3j^j_a I (j I L&J-a I 

4_uLijJI » I j". I". ^ I (j-oj 1*1-11 3-3^ 

Star Magnitudes (S^Jt jlJrfl 

3jlj_«_lJI ^^aJJLa 1( j u£L«J| . l-i^. SjujoJI jj-o LiLnl j^l j Jljj Lxjj Lj-o 

. I j Luj LLLu 3-^1 ' " II J-^-J L^j Lat_t, ' a » i 

1 I Lg_)L«J. 3j-CU jl (jjJJ I II U ^ I U I r^l t, I (ji 

I * j^)^- 4 - 1 c?^^ - ^-^?"^^ ' ti^J L ^^' »l 0 1^ (3^^ '^3-?-^ 

(jl , ,. i V (j^e-lj i (jJI-t-Jj'v i nhtLl jl Sjj^>J,l (jUlJLl sil 

^^=_Lll J^LS i La "a (j^i^l i nil JJL2JI (^1 (j^u-u (jH-" *1 *4> : ? , -''' CH^W 

L-*l ijjjjjL-oJI j jlSJI jj-* ^ j" »"~3jj^>J. 1 (j-^-^L 1 L^HjJj t^* -4 - 1 

( j_o ^JLJIj i ' a ' a »j I j *^ L^jLtX Juj-ia i( j_u^L>JI jJuLJI 

. I J^SLflsj l_Uaj| I d ' a )j jjiill ijr 3 1 ^ <1 . ULjtX ^-iljJI jJl^JI 

loo.oo jjVijjLiJi 



ISO 



39,80 ^ISII jjulll 

15,85 dJloJIjOiJI 

6,31 yljJIjjLill 

2,51 (j^oLiJI jJlII! 

I ,00 (j^oLJI jJlIII 

f_y£ Sj_a I 000 JUj-i Jj^l J-*-^' (^i^?-^ ' *J" J ° ^ ' ■* O"'^' J 1 -*-^" (* J-? 0 

(jU-JJ! ->lj jjuHI Ja 4^1 i( ^j>LJI j j^I ^ (jU^I 
3_JLJ! jIjls^I (*>»jj '(26 , 7-) jJlS (j! Jl^o ^IjitU I jut 

.(Jj^/I jJ^II f^j^? 0 <j-° 

^jj=_J! (jl I jJuiej jJia i Lt£. ^_jj*_l!I Jjlj J-oLc lLLLUI »l ulr (j-iij (jy^Dj 

— 4jSLia 3jl>.j i'Ii hjLlII) i 'I i njL 1 0 3 4^Lvojs (j^' " " 1 Lt-L0J>. 
. I j 5 1 1 " diL>.jj (jljV~tl ^-Us^JI ! jut ! jjjLSj 4_Luu 3 , 26 

Absolute ,jlLJ,l jjlSJI ^u-j\ iSjj^jJ.! iaL-ul! jux. (jL*-«UI <L>-jJ> t;r l£. (jlkyj 

. Magnitude 

~ U , „ ( j j0 LcJ (j-JjJll LgjU-sU LSaj 3 5lUtl jljLflVl JiJIjo 

(jl * ultl Jujui ij_aVI sLiLJLs. ( _ ;r 3 LlaLi. <ju<lJ ^5=_LI1 JJljj jJis i(_p3jVI 

(ji_ij ^j^clII j I jls I (j-u ^j-^- 1 o' V^^i ^Jj-J • L«j-uLi Ijjlj Li^. j-kjj 4_lSL!j 

^.n 3 tiit I (0J=-i^ i(_psjVl ^Jaxu (j-o JLi^sljJL) d j i ii it Li L^JLjj (_gi i L#£.LiiJI 
mlj_j^JI ilajj 3^L«J>-II <J>^ («-=e-cJI-3 tiitj i Lit LcLtlll 3-uLUaiJI alj^Vl 
. »l a i ntl j^yi LoLc La-so j J-jj 4_cSLJj i3j_a 3600 (j n o i"itl (jL*Ji. (j£. 4jLni JUj-j 
4_Luu 300 l_Lc J < j J nlj_5_>JI Jajl («-*-2JI (jl tyJJ J-*-J-J tiJJo ^yfl <— u-mtlj 
ilaJLia 4_u^_ua JjjLsj) 8 Lt^, Jjljj ^ ii o Mill (jl (j^>> (jj^ i4jj^ 

i_i_iL>. (^JI-i—Sjj-i (jl ^^j*_lLI I (_^l jiJI 4jj/IjJ) (^ I ijlr (j^-«JJ 

(j^_L»j LlI ^ 1 1 n*i i (jyJ^- i^jLuilij (^jJI I gJJ L^at aj-iJatl < t-jS^ILtl-^llaJ I L^jLatl 

.4jjLl!I ^1 i ii-v VI SjIjjs. £ >^>-jJ> 
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L^jjIjjs. -i'-ij-^ I * ' j**- j»l 1 nq» VI o ' JL>*^ ' <j-*^ ■ix r ^ 1 "II L^jLatt <-s>«j (<sJ 

£-L»_Ju^M (jjj j_ljL1j ^sj Lo Lc^j « Mil (3^LLsLi i Jjj \lj ta lab 

.Sjlj^aJI "A^-jJ jLjjjLi Jjjj' ^1 * uiVI ~ j i aj lj_o~ij ijjia-uVLa j_<Li^jV| 
SJl^u ijr 3 d j 1 1 n y CjIj-ujlj ijr ll £j>.jJj ^miU ^ j LaJl ^j^J ijr 5 CjIj-jjuJI aJJb^ 
Jj^tHILa . 3jlj^>JI «L>-jJ j_uuJ 4j*_uj i^LkjI/VI ' agla £ya A a b >■ 1 1 «ljj>-VI 
' - ' * ^"j I 1 o K ifiLLa (3jJ^I 0^?*^ l-^- :t dJ^ ^Mitl s j ' a U w o la * 1 1 4_iL$_(J1 
, A X h >, t, 1 ^j?e_lII 4 * nil ^ jjl * j-caJl ^j^J 4jjl_^4-i L u SL qj I J^£Lfl>j . 3jlj->JI ^^-j-S 
. Lflae.La.mV 4 ju i n ill 3jlj^>JI CjL>-jJ 3j£Ls (jjjSj 
isLiJLi 2 ;j « ■ aj (jSLIj SjijjJ,! <ju<JL] JutLiij j»^5c_Lll (jlj-tl i—S^Loi-l (jl 
(jLijJJLa .(^jJkl i_kjJaJI (^yjjLj. (j-a CjLcI * i"iV1 (_p3j^/l ^j>. (jV 

Jl£C .(Ji^J ^I (j^UI iS^^t I" 4 "* "— I 0(j H Ir-IJ (Jjj^'j J-*^^' 

jJaJLo ^1 igaAll .sljij ( _^uk^j ' w S-i^>JI I j j (2>^ »l ^ ' "II '"-^ uiS ^LUiflJI 
. jL^_lII ( _ ;r 3 (_^>- i«l Jjj-u -lii" (^yi jj-JJ (jj^-!l (jlj-lVI SjJjiILa ^jjajjl 

4j jjjjjijJLj i(_gjj>JI LlS^Lc (jl-^ 2 - 1 (J^l-* '.'J^ ' " .' t£liiJI »l 1 1f (O-L^J 

Ji-g- T i- t -j t^yd-ilaJI ^jLiUlL] ^ o i n \ l ^z>[^- ^Uiaj ijr 3 ^j?e_LJ1 c_t_ujj Ji^j 

i_3jj^>JLi ^ j a j La II ^lj_i^LI j-aj Jl^j .^jjc_JI ijJLfli ( _ ;r 3 SjLjLjJI 3jlj_r»JI 
SJ-utla 4±Li-a 4j^j-o ^Ic: JjJ L^-Lo "-3>^- J^J O B A F G K M N . 4j-Lu}UI 
jl i imII jj-* tjj^l '— ^J—^l tJ^J * ^-1 J J ' " ' I J ^^1^ (j-* I j d)^- 4 - 1 ^se-xll (j-* 
.jajo JjjI f_yi\ j_aj_L3 N <_aj_>JI Lai iSi^iejj/ ^^jclII (jif (O) 

ja^tllLa . (j aglaJI j-oj-II (j-IJ ^i>r!^? ,J '^ W '- '"^"j '9 ^1 j a i a (j-o jl J^. Li 

«Lc jj («-><-' (j- 0 4jjie-<-u Mo ^ iLlLlJI «lc Lijo (jLa ^LjJLij iMo ^->^ 

<_ < inv se-lU I ^ j * ' aJ (^-J- 1 ^J^>- (jj-l-i I ^Lcaj^Uj N ^ A^t^tl 
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•tl • t 




• t tl e- -tl 








l3JJ' 


i nnnnn 


n 






Ij 


MA.'. It 1^ 1 >» . . 1 

CL3 J) )-u ^JJ La M^J ' 1 




A 




1 3000 


p 




1 1000 


G 




9000 


K 




6000 


M 




4000 


N 



^tx^aj Jlj ^LsjjJI ^j?e_lJ1 ijr A 3j1jj>. l_Ajil^L3 t^Mitl cL%_La_i_u 3j1jj>. «L>.jJ 

I j * La I j j Lol i^j^aJJ! ^JojmLi ^ ' +~ 'LojLcoJ! Sj!j_>J! cjL>.jj (J^j •*j'j j> - 
jj^Lxj (_gjJI £j^>JI J^L«J!j . L^ii.!j jj-Ls-jjjLjLgJI Lajij^j dJ^L^Lu/l 

^^j-^S 4«Qili^ Jl^Iju ^j-4-o-ujJ 1 £_)Lu_l! i_Laj>. ^5 ^j?e_(J1 • ■• £j\ 



i ( _ y j*.jL>JI 4a ^Lc J2j Jji^tlj 4jla (j! J^jo *l-J-iLa_<JI (_gj « i"itl (Jj-o (JjLa 
cL^_u_|£j i^UisLi ijr 3 5^ <i" i nil 3j!j->J! (^>£- ^-i- 1 J-iJljIu daj-Lgaj i Lai aj3» VI JjjjJsa 

( _ 3 i>. ^>-LjJ (j' f 1 ^?-^' iji"'- 5 L$J-^\ U>^' *u ' <i J (<u (j-oj 

p Ml jj-kaLj (jj-^ ^ ^J^ - ^^ Lz^l ' ""'^ 4aLtaJ1 j^^aj^jLj (j-* tl)S*-a^j 
. <1cj_<jJI iLajLa 4£jjj]l Cj^LcLijJ! (j_a 4cjjiJ*-a 

Sjlj^- Jal ojSLj L^iLL (jLa i3±£ JaVl 0 , ih'j-11 jjLli!! er 3 ^ 

«j (j-oj LS-j-C (_Lal 4 -=Lj i Lai VI / i j I U 1 1 i^jj.jLiJI <_a^L«JI Jjjj (jl Cu> 
st laj 4jjjjJI Cj^LcLtuJI Q^Suj i LiJaLaje-il 3jIj_>JIj Ja! i La « i a I La 

(j_a Jai S_ui^ ^ £u (OJuJJLa I jSLtj ijal £jLkl! 4jj , n~iU SjjIj^JI 4aLtaJI j 

«L>.jJj 4 LxS, II ( _ ;r i el A I" ^- t I ^ i ilj'ljJI £jLljJI ^_JJ*_lJ fljjj I ggJI tfJUfcj .dJjiaJI 

J i a ja^jaJjl jj tali I 4laLCJ! 4_i^i2J! j-Uslj J'C i"n (j^-p '*jlj->Jlj (jL» q I tl 
(j^SLj LLLU ^ i "j'lj-II J-jLllJI ■ Laj. (_yJLc ^>-JJ f*5 :: ?-^'- 3 .CjjII ( _ ;r i>.j J^M-J-U 
i^L>.| ^] ^>L>.Lc.j i I j * La I J ( _ ;r 3 (juvjij JLi^JI (j_a L&Jljaj ' j" ' "I (j-^ <>j-iLa 

La i—aJjisj LufcJ . (<s^*-iJ! (j-a ( _ ;r JL^>.Jj Ji-l^JI JjjSjJI jLLb w j" L) ■ ■■ J-a^l 

ijtjijiJI Cj^LcLajJLi (jr'J'j <L»3e-LcaJI «LbSLII Cjli jijjaJjLa i^^jaji! CLiJLaj 

.(J^l I ^"1"^ ^jjs-I j»J-><-i (j-a ^j-uiLi lJr ljL>.jjJUL^i\ L&Jij^j ^ g~ m < ii i4jljj_<jJI 

-J La 

j_Aj-<Lj_i L_<j_»J I ^j-t-JoJ 1 jQ-><-) Lol-(d-u-o jj^-iLa c_sVT cL_u_<jj>. (^i) 4_u_u ^A- 1 ^- 3 

aLc (J-«-uj ^-^j * J-^J ct^J^ 0 ^' ^Cl Atlj j i jJI 
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cjjLjjj I ila .^jj*_Ll! ^Laj>.l 3j£La I jjjJ,! ( _ ;r ajiaJ! ^jjJ!j 

1 o its Lgj^>. I ^l"-^lj - La_fl>Lc^aJ ^jLj-UJ 1!}l M^i) (^U5_T»0 3j1jj>. Lo*j_i 

H ij-j^VI jc^*_LJI jj_a J a i u V I ^1 J'C ."ill I J>^>. j_a j < ir-i^/l (OJc-iJI (jl^ 
A * <Ljl_jtX (jLs ijr ILlJl_ij 1 1 j 1 1 ii t 3j-jJLt-£5 ^c-Ia i «L>.L*_u_a £ya <Jj}U 
La-fl>Lc jj ' kJlj-lj ijji-a-><-> (jLni (_J jLlmj I jl 4jI J->«j «L2jjJaJI iiaaJj . jjs-VI 

llilj . ^^j-j-u-ljjJ I £_jLlIL1I ^Jb juJu-a i_La^. jpi'^ C^jlSj iJjjL-aJI ^J*C Mill ^jji^. 
Ju^jjJI ^-oJLj I jlj i4_ujjs tLalaJLa LlaLaj I Lilajj ^jja_JI <Uj/Ij JLi 

j'^-- (J " a i"i II ^jl ^ Lcajij 4 1 o ^ ta * J "rill 5^-^»> ^£ I tglajLJ 
jJSLtoi jj-a ^-tialljj . ^ i im^jJI ^jlHHll jj-a J a i ' <% ^l ' ^'^'11 ^Js ^-^-JJ «Lc^_aj>JJ 
^Jjj ^o^e-lJI ^jajt^g ^jl t (^J-t-uj-^-i 1^ 1 1 n"1j»Lfl> ^"i a K I jl_t-£aIL>.l ^-Aj) H-R 
jJl^t Jlj>.^j cilL- Ljv i ii i^M jj-^J-Il w ^ c I (j-a JiJ-a-> i-Lajj-ilo c^"^ l)^ '"'^ C"^ 
Jj— il JL>.^-J <-^ T p* jj- 4 - 1 ^ L>^>^ J ^ ' LT"* 3 * ^ LSLftJ. LaJl^IuIj 4j^e_*_u ^j*_l1I 
p U» « o ,"i \j i 4jt j_u_ujJ I £_iLjH1I i_Lajj-*Io ^Jt IjLAj L^ILfl^.lj ^j*_(J1 

l U ' " ■! Jr 1 ^-^' I J; • "I *j V 4 __ r Uj I ^_o^c-Lll ajj lLJLlOij . Ljj^j Li£ ^jj*_JI 

^ ^j?e_l1I iJ3 _fl> i>J_A iJ - -A i"ill jj-* (jj-^^^ (j-4J2?l j^)^)-^^ (jr^ OJJt £->*&J 

j-loj^\ (j^J-!l (_y£ J^j-ul (jJI J i4iILaj(JI JL>- jj Sj_<I/Ljjs I j~ >■ 'J 4i!Laj(JI 
I j 1 ^a. j Lu i ii t £ L"JLc SjIjjs. CjL>-jJ L^Jj LjLtl J^l j»^*_JI 2x.jji^e-a J^>-JJ 
. - I iia-1-jJI ^IjJa^/l I jjl*- (J^ 3 ' O ^J.'-^ ^ L^jjJj iSjLiil jji ir-i 

( _ ;r ^ (jH-II ^JJ-'-" I A"ll d ,^\*~, « J-a^l J-^'j (jr^ Cr*-5 

jL»JI j^ej-u ^jLSj La 4^LLaJI (j-a I jj'a Jl»j j«Jj iCj^I^ ji O-j fljj L^j^JS 

j_jLjHII i Laa. ^I liJj^ejj j«^a-iJI -S^Lus Jjlj 4j| liilill »l nUt ^ i eaj| Ji^j 
j "~ ■ ■■ " in K i i nil (^_l^_a) jj-aj-Il (j-a SjILflJ i-LILlA w 2 i 'J i im^jJI 
l^\l ^ ■ , ^.^1 ^ r j_ u _ujJ1 ^jLjjJI ■ IgL> t_djlu i -i^J ^ * a '**' i '■ * ^jl JUljj 
^1 ir-i 3 (jl . ijj-i- 1 to" (Ja-lj-a SJjlj (jl (jiQjil JjJtlj jtu 
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LiJiJ*. tgl ''-^j;^ ^IjJaVl j SJlIUjlII j i "j\>JI Jt 1 ^' fj^CP-} 1^ 

(J-jl_2_a u i u-jSjJI £->LjjJI ■ Laa. (^i^. («-><-' 1 00 ^^Ij^s. JL>- _jj 4jI 

JjJjJ! Sjja (j^a ^.jJLij .Infera Red Stars «.lj_«->JI o>j ^jc-JI 

ojs_oJI I j C-tjIb La J^J-JJ "tjl VI i>J-A JlLa -^^"-J 

( _ ;r 3 ^jj*_Lll aJJt d'^'^lj tall! 4-o.L/JI (j-a-»l nUtl JL>-J JLSj 



Stars Populations u I 1 1 
5 jja-^aii Walter Baade ^ j ^JUJI ^11 . 1 942- 1 94 ULLi J}L>. 

.j-«js.VI tjjiaJI (jlr <L-J i m. i aj CjLs^oL i Andromeda <LLmL nil SljJ.1 
3j>j^>.jJ.I ^j^ccJIj i3j_>JU £jiV jll j»_o^=-tJI i_3^to.l 4-&Lpjl i_^-J~ < "1-3 
(j^j j ^~ II I f d 1 n La-a .£j jVI (j-*-! S-oLCll (jJaLlt,! j^J-''' cr^ 

3_ujJL!l ^^=_Lll Sjjalj-aj Luj^c-a r I a3£VI dlLill g I -i I c j La i '— I JL2J 
JUlj (j-SUj . (jj^LII ^ 3-><-i ''-'^ I flj^ ljJL>-J f"-^ ' ' J-ilij i(j m a i"itl (j-a 

<L=txisl J (jjj!>^ J J ' * j fcs'tl 4^>-j l_Lai. ^ ' eajl iCjLjjLia 3jLC «lj^>-l 

aj gjj I Ljfuj ^cj ijLa^-Vlj ^Jli^-ll ^-ijl i <i"i a ^j?e_lII ^* 1 ijr 3 c-t-i^jIlJI i _ ;r ^ 

(jl ^ lr Q^jSLiill j fljjg .Population 5j j »>JI (jK i .ill a j j a a .. jujl>JI 

• 1 (4j 

t_ilJJj ^jr^3 jl^ (jr^ 1:1 ^ ^ ~" n ^— ^-4^ C?^^ dm-aj>.j 

4j^j£LII Cj^tjSjill ^<u-ul i ilia! I »l a Ir (jiLajj . 4jo|j£L1I Cj^tjSjill iLi^Li. 5jj i aj 

j i_kJl jj^j ^jIjjj jLul (^,1^. i j^oJI Clusters 3 j »-r ill mi-»JI (ji^. 

LtJJLc J-l^J ^ (J^^-* LSj-^- >, - 1 w 3 i4_uojJ3 4_uj/ i_iJl 200 

J -»JI (X>JJ .i_3jJVI oLLa LiLo-ij <_SjJV| olj Mif Jla.l^JI J it.tJI ^ 
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' aa ^ n£^9 ' loSLt^Jj ^ Xi 'C^T (J-* - * 4_*JLi ^J*C mi ^-ta^e-JI 

Lai ij_«->J! sl2JL«jlI! (jjs (_LlLs J'A'Oj <Jjj-" £ Li!L»*JI (j-o J-U 3j^*-aJLl 
4_i!L«jti! -sa^>-j Vj 'j-*^ £ LiIL«-c ^Jll (jl jJl3 Sj^>J,! 

dJJ JLjj . ^"Al"-» (^CLuijso tj*"j j o J» -Sa^>« ^oj tj-a^n 1 JLA (_£_}L (JA^. . JjjJ"^ 
i^J^M 3j_£a->J! j<uj/I L$Ja^- Laj ^J-^' ^J- 3 ' Cr 3 <Jj>" fj^?-^' Cr^ - tj^ 3 ' 

-MjjLl JJLj-C.!j . 4-uLJI "JJ-l-^-tl J<U-u! 3j_>J,l J_a->J! ^^JcjJI (ji^-J 

Lai .^j^LI! jLjJL filial! 2_uj|JJL>JI ^ -Sa^-jll jUJI ,j-a oja£i 

<_U_a fjj& J>a^>.j_U jLi-II (j-o di I mi Luj/ j-j^I 4_uLl!I >j a ->J I j»J-><-i 

i3ibJj>J! 2 j< I rill oLvuljjJI ^Jaa .(jjaSJI jLJlII <j-a In i ,n (jJLsJ! J 'Sj^>J,l 

:JLi La£ <Li^ j_£Vl 
(j-c L-Aj-o-c JUj-J V j»aJ=-tJ! J a uiJj :%-flj La-IXI ^yJjVI 5_^«j>JI - 

^ Ll2j j i ol '"• 3jLi£. j» 0 S jLa SjLII 4jLjjij . 4_L>.LvaJI (B) 

cLj_u_<jj>. jj-* 3 1 ^jl ^ c t ^jljJU Lo^j>o jj_<j_4aijj :<L-lJLljJ1 LlJI 3^.^>JI — 

^Jl ■ cLjJLc CjLcj-*_o CjI !i ^^oj?e_lJ1 jj-a JJLc JL>. icLc ^_a_>JJ aJJt C^>iJj 

- SLj^LSL! 1 ^ j^a ^L;^ 150 
L-Aj— a-C ^jIjjj (jjJI ja^*-tJ! J a Lajm <LulAJI Oj g a ~><tl — 
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j-^Lk: 4$LU j3 ^ylc LgJjLa (JljI^j i<LLu/ jjoL ' fl-uaj j (^JJ <LL<j 

. ^-ligJIj JLj^JI (j_a (JjjjVl 4Ll2IL!I j_i^Ll«JI (j-a <>j_u£ d j i ii I 

^aj*_J! I <\(j'ia I 1^1 m (jjjlll i^jSLII jLiJIj jLJlJ! (jf (^r^- (Jr!-^ ''- JLa o' J^-^dL5 

j-i^sI—LkJI <>jJl3 (jj^3 (jlj Jj V 4 '< i ii U ^*aj*_cJ! Lg-La CjLJoJ (_^jJI SjLtlj 
icLajjJjJI ^j%_(J1 i>J_& Si hi 1 O-Sj <Ul icdJjJ i_jLijjiVI JL>.!j .4Ll2IU1 

e-JLiJ! 

■ J^N j**' ' "I jQ-i A_j_aj*_Ll! 3_}LU ^j^* 1 1 JL^j ^jlj tilt_pe_] 4 L$J da-j^Jl I 

.^jjaJjl ^^SLI! jLtll 4Ll2IlI! j_i^jLl«J! 
(jl-j La SjU. i^^LjJI (Jj->«JI jLc ,j-a iUuLcJI ^jja-cJI (jLfl L*i!jJ Sjc_luj 

j_UsL>JI Cj^jJ! ( _ ;r 3 Lai i Luj_2j SjLII (^yi 4jLa jLc (j-a SjjSLa 3j_>J,l O-lL^ 

VI .SjjJ.! S±lSL!l /.I0 (jjjSLJI JLiJI 5 . , ; t jjjlSj j^! (jla 

tjl4_tjt_l i^^j?e_Ll1 La 3^ La jLi JUj^Jj j a**i i n \ l^oj-u ^^j?e_lJ1 



V (JLs. 4ojLi JlXjujS ij» l! iJli Jijo 4_u^c SjjkLli tiJLuk 

^ a i n 11 ^3-t-J1 ^^OJ?E_(J1 i>J_A jj-aj . Ll^3j] ^j?e_>J! Cli-O* (jja Vj p j LcaJi Cm^. jj-a 

(j_a 3 j n i n"itl ojut cj j n" . ..I ji^j iCopheid Variables 2 jjl a j all cj!j_l»iJi.Li 
. L^ ! 



I 38 



jOJcJjl <_slj^il juiij ".^j^l .j^ajs-tJI oJLA ( _ ;r 3 (j-G^LiialLa jj-Uajs ^3^3 

.dili 

^f) ^ oUoVI ^ J-*^ '.(Jji-Vl Lai .4-ujUJI ^Jtj l( _Li.ljl!l ^1 

^iiSLy (jJjVl 5JUJI .(O^JI Jklj J5L$JI JajLUaJI (^J^l c^i 

4_LOjJaJI ^1 jj^/I (j_o 4-2JL*c iLlSJI CjIj_l*ILUj . ~ aj u (_£jj>. VI fi^?-^' 

^j?e_lJI p 1^ * ^ . ( i J_ 1 _oj-^_iljj_ 1 _olj - A) mi £yz ajuJuus d * 2 i (jr^J F 

i^^5c_l!Li 4alilSLII ^Liia ^ « aj ( _ ;r a J^j-jj o-^J '^-'J^ (jr* d *^JI ajjt ^^Js 

j j ii 1 . ijJjj-aJ I Sjlj^. £^\ZJ 

file j_<jj?e_a ^5 Mira 1 4_<a_i_u 1 La-j-^J 1 Cj 1 j-jjljI, 1 jj-* J^-? 0 ^ LtAj * aAjsk-u-oa 

. laSL^j tJiJliJI jJ-^Jl ^^Ji -i^J cij^l 

SjJLaJl dills dlj—jJLlil jl J_^l d ♦ i t a ^ 1 i j lj-J-*J ^1 (J- 4- ^ ii_LaJi^ 

l_ci_jL£J(J ^qj%_cJ1 Jij-u i JLiJLifoJl ^a_?eJjl < " 1 j d >■ LuJ>_>- 1 'j^*" 3j^LI^J1 

ijX. c '-i-<- u.a 4 Cj I j-jjlIX 1 j^y^ (^yjL^tAJl ^JJLjJI q\ ^LqjjljI ^j^uu ^j^J 

^J-t-J I I J-4t> (j-* ' ^J^tlb 1 ^ A * (J-tls L^j Ajil.Hu \ ' La * ' 4 Lu-mJ 

. 4_u!iL>JLj ijr J^SUi jLj-«-I1 1 Jui S^Lo jj-* Uj^>* -^""1 ^ 4 ijr J^ jLiC L^j «LiLa_La 

La 3 J-SJ 1 q-a p. j L^a 1 1 1 J_A j ♦ ^ J-t^aJ 1 3j-jj£^ 4_ui£^ ^-Jujj 3 j L>. 
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4_Jlc ■ La « i tall J 4jLL4-ij ^^jSLII jLJJI *-2J_) '(j-^l » iSij ' ^ * ' '— (j-^ d ^ A ^ **" " ^ 

(j^o lj^>- Ij-il-j Lc^j ^J*- 1 '(j 1 u-tS^-Il jjLdJ! ' Laa. ^-i-^ (J^-sjJI (jr"j 
,3jLc 2 j A j Utt I l^jlj T Tauri Variables j^i-II iIjIj-jJLLo (j^-Jj j»^=-L!l 

•(j 1 "A>-N f cr^- 4 -^!- i - a 6-° O^"-*^-" U^-* j 0 -?^' J N,M,K 

4IuJl>. ^ L^-j V—i lillAll c LJx. ) 2j 1 1 jLtfu Ij-j-ij j^Ltlu ^ ^7e_J1 0 j_a ^ 5-^5 

1 S 9 3j^j>.^_a Cj 1 j-_jJljJ 1 ^jlj t. i ~r < nil ^3 3_j^£^La ' *J ' " rt J-^-J 
. (jr jjijjjJI jjLjjJ! ■ Laa. f^jll L^jSjjJa ( _ ;r 3 i(_^ii2jJ! ( _ ;r 3 Jljj ^ f^J^*-^' 

t_ijJi]L] L^la Jo* I Jo-jj "^J iSjjLlLo <bjl iLlSJI CjIj_l*jJiI JlJO Lijj-3c-a ( _ ;r 3j 
( _ ;r «j-ij («-><j i_iJl 20 (jJIjj*. I_cjjoe-o ( _ ;r 3 3_3jjjm CjIj-uuJJ JJLC J-IjJJ . LLo 
^ ^j?e_l1! Aiajtjq ' a_uaJ I (j^L>.L« 4_ilo=_<_u ijr 9 Lot . L^-Lo jj>. I ji ijr II 

3j_La_>J1 * IJLlJLlu ^jLja j-ujlj ^j-a LtJajj (Jj t^jl * q HI ^3 i_ii^ilL>.l (j-* 

^J_4-H-l (_£J-11 dt^^JI (jj-^ i J-^ J J-^ ^"^Or 1 '^-^ J ' " • ' ' "j" * £_Ua^_o (J^>* 
^^JJ d j A j U 1 1 , U j Laj>J I l_La ( _ ;r 3 <Ls&Ia-m Jo-Lj f 1 ^*-^' 



Nova(li^JI) 5jMNil|t^iJI 

LijLs-cLj (JjiLj_2JLi lLLI!jj i3_j|_il! 4xiLaJ j^a-JI SLo. (^yi <"«ljjt^>*.tt jjj 
(jl LijL>-^I I ? i n n mi (jr^ Llaola jih . 'i i nil (j-U^La I jolaa. ^1 a <_<J LaHSj 

' _i 2 « J (_gjJI (j SI J I 'I I j il ^ 1( j ,i n ."ill 3jIjj>. ( _ ;r 3 5 ^La-LtaJL I SjLjjJI 

Jl mU-JJI sjl^ 

^jt j-J-C j j LaJj-f I 1 J_A L^-3j «**( i tiJ i^y^i-II 3j_Ll Jj-lsa-I 4lbe_i «Luj_a1 VI 

i3L^_3 CjJlj%_i i * 5 9 . L-j-u * ^7-^* 5' 1 ^ ^ * Lea ) ^J^L>. ^qjteJJI 

(^jLjlJI <LjI_jlJ, jj-^- ^L-jLjlI. Jbj-ij iSjLtfuJ ^j?e_l!1 j se <a * * ^)|-^ 1 JljI J^jL-u j-jjuj 
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( _ T HJ! i^^j*_Ll! ajjt (Jj-oj .cjIjJL! <j-u^La cjVL>JI (_>^»j iCjIj-U i_sVI 

^oj?e_l1I (j_a SL^3 ^ ■ ' aj 'j la III < " i a 1j V ^Lj-UaJI cQ^L>. l_AjL?e_flj1 (_Ll3 (j^J 
.lillaJI s Lalc ^L*i4>l »l a i nil ^ 4j<-a}L!l 

(j? Jljlj-3 ii>j_a> JljJUSJI (jL*_al!l 3JL». M-JaJa j a" i n" V Jb. J£ ^lc: j 
Cjo_a_>J1 a»a. JU>.1_) ifiLjLjtX w < a^j 4jr JI d . .. i j A'.t I ^j?e_lJ1 (J_t-aj 

4_u_u (jj . ^JL-aVI 4_jl_jtX ijr II L»j>.1j LiJtjjjG 

3_}j_>JJ (j-LJtJL) jLALiiJ (jl i* 1^ i nhll ^jj!o*l (_Lt^ jj ' "jU (j-a (j^-i ^3 

I j^IU? (j-aj i Lij La-ill (_Ll3 0 JLfli Lj-tlc OuL^ (jjJI 4-iL.aVI 3JL>JI 

. LyJL>. Ci! iVijij>j Lgji (jj * laj I p-#jV Nova SjjJl>JI ^aje-LJI pu-ul I g-ilc 
j ta 3 j-j-SLj V agjl LajJa '(^5^) J T " f 1 ^?-^' (Jj^^-^ o' iJ^J 

j j a ■ ijUjLS .CjLcLu/ ^-iaj (Jajxlill puJJ i^^Lii 0 , VI (_gj"i mi U i_i£j£ 

' a II i .i I £jL>Jt (^Jl jLiJI (j-a jLs. i-S^Lc. dJj^eitj JJLajJI ^ (O^till 

ijr 3 j^-a 4-jl o i ii a~wj 

2L«_aV I Uj U ^ j i ua-j tal La-aJI ^Jl jL>JI jLtll lilj i 

* )j-a_) La jl t^o-i Jjljj . (j-\j>.j)j JLl^JI L$j j-ujjj ' Lsj la^J I it—a-tlaJI 

i£_a)M-JI r J i a II JLi-ujI (_L2-JJ i3jjj-JLj (_£jL«JI i_3^L«JI IJ-lj '^JJ 
jl uujVI ^Js j t>~ i .i_i «Ljl . jl IajVI LiJI i_3^L«JI w ^~-»_' 3jI j III 

■ 4-tLie3 VI £QlL>. ^1 (<s^*-lII , - I , a a 1 1 

Jju (_j.u.aS^Jj j<u i L^jjLa O^?^ 1 ftLtiiill i_3JLajj j » a ~ (jil LfljjJI 
isLljLj j»^j*_cJI ijj-fli CjVL>JI p la « a i^LJI L^ajya. ^1 dJJj 

vijjijo LajjJI ^LnJi ( _ ;r 3 SjLjjJI (jl . i laj * a CjIj^S I j caju ( _ ;r 3 I JLfli ("Cyj 

' ■ la a 3 CjLcL_o tiUj ^jJijj-uj ^jLo^VI ^j^* * Cr^9 i4^>.Lia ^JJ ' a * LJLc 

. 4^aL>. 3 JlC ^'^"^ 1 V ^aJj Lpe^jJiJ p^J^ (jl » 0 111 ^j^^ 1 Lat 
ijLa_fl_lVI 4_i-La-C (J-J-3 3jU>.lj U -^.C L3j_iil (^jL^aJI JJLajJI pjj Vj 

a * * (jr^J icLxaAll (^jJI L_aj_aj pj?e_iJI i - ) I a i la (j_a ^ a Ja (j-a (jl 
S^j-ijij JJlaU SjLs-Ij (J^j h_Jjj>.VI 3jL>.l jjl ill Laqla SjLc j I ta u (jl_o~VI 
. SjLjLSJI I jj I ^ ■ ajtaj LaxtaJ I (j^*^ J-^J^-llj ' L^iajLui (jjs j-j^I 

i3jIj_>JI 5j>.jJ ^LojjV 4ja_uj^ (jjJLj LsoJlII (jLnJ. (^ SjLjj Jji (jl JJ-JJ Vj 
JjLkj La (^1 SjJLajII 4jjL«JI 2 aUlaJI J« aj ^1 < uiVI i ..a SjLjj ,j-a (jSLIj 



Ml 



^ i n**(" LoJ._L£i jj-SLJj LgalJ 3 J_o_Lo ^Lt-^l 4jjLiJ1 * - ) I 5 i la 1 1 J 

s j_UaJI_3 i<Ujj>. 5_«JL«_o J< uil! jl -^^tt ^ LsjJJ! tjUI Ijljj dilj 



(Supernova ft£^J> 

sG^La <_L£ j ■» a u j! i<tcj|j_a SjjL£ ^5e_LL! CjJLxj Sj-jLi CjVLs- 

i_SJ_23 LsjjJ! 3j_&LLi OuL£ I jLs 

La^jjjjj^/ j^Ju! jj* 1054 ^Lt iCrab Nebula ^LLj^JI jokjji/ (_gjJlj 

La^jj^ i iA\ Sj-aLLs Jlijjl>. (J-«-Jj . d o < nl Mil l_La> i i£>- :t - L ^ (jLLij-x-oJI 
4_ijj_SJI (_jj^>.^! cj!j_>JLI cjVL>. dJLia (jSL!j 'j- 5 ^ '-"j^?- 0 cr 3 

.ttJLill Jj^iill iJj-uj/ Li£ iiiiioJ! f Uic L&JI L*Jj (jiJI oljj 1 ,iri~itl 
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*Lu2JI qo pJLc 




1 13 




(27)JSLi 

<L>.jJJ L^jLlI U-t-i-a J t. ^JjdJI ^4J*jJ (jL_U (j " (J-^"J - gA>J- ^ \j-^> < *"W>^' 



Ml 



pLuiJI qo pjlc 




1 15 



ft 



olj 7~ rt w '** p tali ~ ^JT " ^ ""^^l i^j^SLll 

i3jj^>J.! ^L^u-iV! L&Ijj ( _ 3 jJI ^»JJI J£ q\j 

OJJ ^ 5l o intl L_uj^?e_a 3jL>.1j 5j->JL ^_<w_u 

(j ii o Mill Loj ,3_il_aJI cjjJ Milky Way ^ < i HI 
.^_><j (jj_i_Li 130 (^Ijj. (j_a o^SJLj (_gjJ! j j jSJI 

ljr £ La jjLaJLj (jl (Ji4jJ_>JI dLLa II plr c^l U*. , 
l_£ j-JI jLjj>JI ^j^LII ^ j i ii ill jojallalj i Lujjcji 4^>.lj 

(jjj-^-lj l(jl_LJj£LII jLlJLJIj jlJLllj j»J^*_lJI 4jjSj 

<±lmL-uS2\ cjIjo^JI (jjS^^I 3i5LjJI 4^jSLII jj^>JI 
.^L^MJI *L^AJI Ij^ 

i^/\j>.j)j JLi^JI «LLjL1L1 CjljjJlj ^_H5^' J^*"^J 
£jL>.j . SjLo- 4_uj-^£j 4_u_o_lL3 LuLo CjVL»_a L^U -■*-**'" 
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JJLc jJLu JLS iClusters uia. ^^>->j '-^Ij '«Lcajl!! al Iaqju 4cj^a 
l_Ljj^*_a L^J (jr JiJ-i3 (jylll icj-«->JU Lai . <_sVT *j uiC ^l^*. I Jj a Cj!j^>J,I 

j ui c 4_uL«j (jjs (jjSjuj Local Group 3 j 1-»J.I 4cjjj->JU j<u-ul L^lLc J^Uya 
130 I *j U«j 3 LmL ..U 3fjJ,l 3_lL>J.I 3^j_a^>J,l ciilj^ca jjSTj - lj ■ 

aj->*X\ dJJjj ifiLu^xla 4_u_u t—oJt I 00 L_Ljj-j?E_a j ^ a '4_u^_Ud 4_u_u lJiJ) 

Lie 

Magellanic Clouds (j^Lj>.Lo LLiL*-<j/ ^jLlu! LuJJ o!j^>J,! t_jjJslj 
4 i i ii i_iJl 32 I <Vj La a ) i_$L> j *C 1 1 j (sLuj-Us 4_u-u i kJ I 25 L&j_La-3) « i all 

. I -i ju (jLiLSli i ■■ a 1 u^"j j* 1 a ^ o^J- : ? , -'•' (jLiLaj (sLu^Us 
Galaxies Classification M I j*A I MMaAii 

J^>-J Lojiic iaLoV! (jJI Sjlaa. lillall jaJLc aJ-2j 

iJ3 JI cj!j^>JL1 ' ^*'^"» L\jJl>. (3^-*' ' ' ! i J it^-*-* 3 <— ^Pj-j c?^ SjjLuJLl a^j*_J! 

: IflK i^it 3 ji,i"itLi £j ^i! 3ii>l3 
irrigular (3^jl -'^H) 3-La-jljl itiVI - 

Spiral (S^ijiJJUJI) - 

Elliptical 2 n fc>~. ; 1 1 o!j^>JU - 

*/I8j ^S-j-JjJ iTjI j^J,! ,j_o 7.78 (j-II>3- o' 3 ^ tl cjUI .^)M Jjoj 

~Acjuu±i Jj I La u Cj!j_>J,! CTSi^-^' 0 J-Aj . sL«Jaj-La J-i^- ' " ^ a 4 itl 

njjji.^/! cj!j_>J,I L&i jjij-jj LaLjoI I j * « jJtljj tjil i^aAll 3JjL& 



ij-<j_»J1 4jr s ^jJlLIJ «:1j-<i_>J1 ^jj*_L1! (j-* LjJLc. cj!j->JL1 ^j^SJuj ij^jJLl 
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j^J-a ( _ ;r 3 cU-aV Si j-l 4jL"La-l (_gj^j_a L-Jja Cjlj LgjLl Cj!j^>J,I j^-ajJ 
(j^-J ^jy^-Il (^^-^oSLlI jLulJI (j_a cLa_u£ L^llselu 5-lLiIu (j-* CX^^ 

(j-a jl 5jtjlj (j-a jj>.VI .tlj 4^>-l I j Juj LijV i<_slj^ijV! i_lLm3. 

£j (_Lu^jLaj 4jI ,_£j_> jji i jjj-tc Jj-r" i ii U ,j-a Q^'Cj i uj L^jJa 



jLc L^-j tla-j-se-j Si mi ill «CuJL>. «LsjjJ! ^_o^c_l!! CjIj^sJJ aJJt (J £ Jijjjij 

<_ i Uj (j^Jj -SJLX-a (JSLlu <U (J-ujJ CjIj_>J,1 (j-a £_aj-JI I J-A (jLs La jj^c J ipuLs 

.^Ijja^/lj 4-2JLa-«J! L^-La i * j'a iL^aLaj>.| ( _ ;r 3 I atlsej Laj^c Cj!j_>J,Ij 
I j c jM i." i j t i jjJ-j £ ^^Jj-^' 'l>?*i^ 'J-^ 1 " ^J^?- 0 J^J 

LjjJkj ! j! licLcaJI i_!jLa£. oLso! ^jjs JJJJ iy-^^ ^LH" LgJLlaj i 1 j« a L^ajjj 
. Lt*!jJ S-LjJjill I J^J'^ I i eaJ I (■ i 5e i n" (j-Aj (jJI n uJI ' ■ .U^tt jj-a L^jJI 
^jjJI jj-a LuLu i (jK i"ill ( _ ;r 3 jj tajj CjIj^sJ,! (jl lLLLHI »l nlr (jAjlj 

cj!jl>JL! (j! <^p. j . (jijj! jJI j ^JLLill <Lxa-uiSj tyjJjill £>ill tPJ (j^-jljl^VI 

(jLtJj (^ (Jjjs-Ij iS^VjJ! SjJJ fjS j»^*-tJ! (j-a 4laL^ 4c jjiJ*-a f^lz. (_gjHr>o 

4_1jLa Cj1jL?e_flj1 i_La_i_uj ^jjut (^^ L^-tsej w ji j . ^aj >, < cQjLjj * il i uJI 

.CjjI! (_^o-J -i^h-tl j-" 1 f^J^*-^' 'LLaL^ SjjJ Ji-aj (_j-^3 i ( LijjjJOJ^/) 



^jji ) agji 1 1 ^a-iL^j i4JLt3j ^1 ^>«i L$J da-L>iJ i la Laajso «LcjLoJI »1 a < nil ijr 5 (jjLH 
tCja_a_lJ J l"l"j jl^ a**( ( ulj jJaj ^oj?e_l1I q\ ■ CSJI Llj . IjJlC «Qju ^oj?e_lJI ^jt 
. £_i_uLia]1 (j^aSLJI f\ Lga£ 4jr b a^?e_lJ1 (j-u ^i -1 Lh* ^La J*J « 

(jLi (Jj-2j 4_jjJaj (jj S u <iuJ_>JI dJJLill »l a Ir ^ j i n I ij-Us L>JI cJsjJI 
2_j|juJI .(^yJjSLI! jLiillj jLiJI (j-a 4ljLt O Uula ■ La i uj {jja J-Ijj f 1 ^?-^' 

i LajIj_2j_<j/I ajlc <tja_Lii cjL^jjjj clXc (jJj^I 3_ujSLI! 5-iLa- . nil j j k" 

llj i"i I J i iuj '-. ' ' ""'^J La (jLcj-ui^ > 2_Lb=_a O I i a I jj LgILujL>. (ji IjJajj 
L$ILujL>. d t-» . j ■ * I J * l_A^ljj>»l O-uJ jcJ ^jljJI ^" . ..VI ( j-a 

.(^Jj^l (a^till oj^y •••3-^L>JI 

(^-3 i^^J^/l 3-SLJ I 4_iLji- i ii II ( _ r 3 CjLaljJ 4j*_uj (O^tlll I uuJ JL3 La£ 

>£l>a ji^l jo.! j Jao. (jiLaSLjVI ^ i3-JLc Sialic cjI j ^^>- 

1 Lt-u^ m>a LlljJ.} i. ■ 1 n"^ 1 4jLs jjjioS^jJI Jj-i ^jj-^ ^J-al2Iu La J_t£,j . L$ILu]}L>. 

<L?c_lI1_L^ 3jlj^>JI 0j_fl> I mi Sj .4_u!iL>JI SJsLLa jJolu 4jjIjj>. «L>.jJ 
4_lL«X. I j t^ajLJ it_lJ_>JI j^J-a _o^eJ 4_jjL$JI CjIj jJI a 'I 1 --"t 

(jLa j<u iCjjJL>JI 3j_u£ jjjVI ^J-jLi (^yi 3 'j a * 1 1 CjIj jiJ (_gj|jjJI ALajJVI 

i«La^ljjil «Li^.jLr»JI 4jI agio Clxj (_pLa£_iVI ( _ ;r 3 jOJe-JI jlj a" 1 ul (j^Llj 
SjLil Lai iji^LS ^scliiu^ I Ltaju I j 1 eaaj JaJLcta u ((1 . dSJI)) CjIj j (J-«^*J 
^Jx. 4_)L»_i_o ^J's mi (j^*- ^^jLi. tali a ^j?e_lJ1 ^a ^_ajJ3 ^cJ ^^^1-11 

La (jJLc I gJlj j • gjj (j-^ *" ' ^ ^^5=_Ll 1 -S^^LjLa 4jjJL>JI 4jjJiiII (jl 
j_ul3 (<Cuj .^jVI sLujSLJI 4jL»jjJI J id j 1 iijULulXI (_faji]l j_uQj a 1 nj 
i=Lj_ij£LII 4 1 i"iVI J»^_'-2jj lalll tfJL^J Lt-o-dj 1 hjULliLU ^jill aJJt • Ls j la ■■- 
j j 1 11 1 3 j j_a 3 i i^i CjI j 2 al Utl 3_lILc CjI aj 1 n"^- i—JLiJI iJr it 
SJLjL^JI I 1 "J I j~ I" 6 " (j a a" 1 n"t (j^a lLL! jjj ' s j 1 a 1 1 t_jjL23 4x.jjj»j 

<L»jLtaJI 4_uaSLII 4j>j1/^/I CjI a j i n-v (jjs 3j_uSLII jIjlC^/I (jSLaluj .4JjLit j^SJ Saja 
d j 1 hjULl«J.I ^Jjill ■ Ls j La » ( _ ;r 3 j_uQjl (j^s-j-Us L>J I O^jJI ^,' a ~." I LtiaJI ^jjs 
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pUoojJI |oljsUlg joaJI fcoJloaJI 



J *C i~i (_jj_2J! i>j_A jti-LS iiLi_ijcj i^^o^c-J! <ji_i La SjLo ( _ ;r a Sjia^vaJJ 

*Lj-3 ^—a-jcTo (_gjJ! ojSjJ! j^Luj/J i4jJj^/I ( _ ;r 3 4 j i inULuLU ■ Ls j taj>J I JaJa 
I j *^ 1 ' 4j>-j jj I j 1 eaaj (j-o 'Luj-^ Ui^J 'lS- 5 '^' ct^ ^IjLa JlC Li C)l 0 j i m-v 

jLxjlJ! (_y3JLi jLiJ! (Jlitj-iJ i^Loj jii^V! j-t-oLutJI jj_a 4_La_u_u_i t tjl j| miJ ^ jj> jtl 

Cj I s \ U "1 a Jjl (jl liLIj t J^oa T iJI 4j>-jJ jLullj LujjsVtj Qajj£LJI (j-a 
(j-u La SjLa (j_a 3-SjLi 4jj£ ^^Jt (<s^*-iJ! 3l_Juj 4jI Jj 

<j^a S-Ljj-a 4±^ 

. LjJj I La-so 4_iL^_Ll! ■ all ij^La^LiVLi I JLuj 4_)L^_*_o ^ ■ < jl jjx jLiJI 

4_3Lil£ -i'-i>J LaJ-Lc (_pLaSLiV! CjjJLs. jl£_aLj (j-til! (jSLaJi! (j_a jL^ La-ijj 
i'Ii nLa-i 3j-iLa i4_ujL>J! L^J(-a ~ j ■ aj *L>.jjJ ^^c_Ll! (j\j La 3jLa 

I (jSLalu (_pLa£LiV! «Lul ( _ ;r 3 cjLsj! iiJLijt c^jL^ Lxjjj . I j tJajt-i ^_a cLtSLI! 

J jl t J-j-3-j i 1^-1 1 Jj^ ^1 I j 1 j ta >■ i (jjs i4jL»jjJ! (Ji-!j <Jlilj|j La -'-iVI 
fa \ mi 31 nil ^^yJI L^-^J^ tl)' (l)^^ 1 1^-^ ^Jilaj-jlj-ZLi-oVI «LL>.j^a t _ y JJ 

jJaLill (^ajLiJ! Jii-Lj iJaJLUaJ! J«rii jLjjjVLi 3 LalSllI SLbSLII Sjlj^v 

SjL^JI ^yjtjj «CJb^ -il-ij-^ 'Luaa. QaS^' (O^? 1 -^' u^l J_ji-J-ILi L4J 3Ia-taJ I 

SJaLL ^Jl (jJj^I SluI jdl 32LLJI Jjo^J SjujI^ Sjlj^>JI 5^>.jj ^ 

^JjjJa ijr 3 1 j 1 1 im *j J ' aa a (J a mm 1 ^jIoLlII ^qj?e_lI1 ctL>.j-a ^ a"l i ujj . 4jj1jj>. 

3 I -wj^a jiLaj'^ ^j^UI C^^I! j '^a LaJ^ 3±^LI! Cjjljijl LaJ^j i^tll! jj laj 

sCLujL>- (JL*-a Sjui <■ 1 j 1 > 1 1 4_iSLx-i Sjjj'CII jojcJLa i^jI/LJ! (<s^*-iJ! 

Jfla ^ miLJI (<U*-lII q\£ . Lu-uij jj'^a ( _ ;r 3 tfJ^Lus jL>ol n_gjil! 
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jajo Lai icL^LajJ! SjHill 

Red Giants jt^t <hUU*H 

1 <" i4li»!.i JaJLUaJ! jLojlj (jiLa£LjV! ( _ ;r 3 I'lLiJI (<s^*-i-JI J 1" ' "J 

^J^Loj IjLu LlAj i4ja^La cL^j.} ^j^o-tla ' d 1 a » 4jr J1^>. 4_lL>.1jJ1 43j1jj>. 4j>.j.} 
(j^jU^^^-" ^J- 3 Ui^-" '-*-'Th L ^ 'O^JJ ^tW-" J^^" J-»-f) (""iihFJ^' 

3-J-a-£ I r (^.j/LjJI (O-^-iJ! Cr^ <J^° lS 1 - 1 -" j^' |^J*->-l La IjLs 

4jj j dil aj 1 ii-v. <_j! j!l>.\ ( _ ;r 3 IJljj (jl «GljjJ (jSLaj 4jLa i^jjj-ujjJ! (j-a 4-l3L^ 
5_}Ljj (jj-^i $*- J (J-°J i4_^LLiJ! ^j^-* * jJj->»j jJ^LfljJI 1 JLA J-ajrejj 4^jj>.| 

(j-u^La *j '**■<* 4jr II 4jr !l < (jy^- ^j-^LJI ^?e_lLJ 4_lL>^1 jJ! 3j1j->J1 «l>.j^ 

j_L>.!j 1 a 1 I 0 S Lal_a_i 4 ^^j^-i-^j^ajj^j-J 1 ^J^Loj tji_u LlAj . 4jo^La «L>.j.} 
jj_a (Jj^M J i^aAll (^yi Lo.j_<I/ La£) (__gj)_o_Ll 1 (J^LajJ! dUj CjjJLajj 1 1 ' 1 .1 a 1"' 

jlj *^-, , ,,VI iULILj ^ j 1 r-i I jls ^jI/LJI (<j->^l L r 1 ^' 

. 4jLo* dajui LLa->JI JLix. ^Jlajij i hj^jJI £_)L*Z"J1 Jsa^. tjjj^tjjj 

^jl—i jJ^a-SJI LlAj i^JLJI ^j?e_(J! ^Ji.!j_i Jaj*.^-LI (^j>.jj Ji_l^J1 (j-* 3 4jLL1 

.^jlj^JI i^jlJ-iJ! ^LajJVI ^ <Llij^ (jjs L>.j^- Uj^>- 1 'll^-n ,il (O^til! 
j a" 1 1U i(_JL2J! J_c£.-(_gj!j_>J! (_gj|jjJ! (J^LilUI gjl j-ajal^ll jLaj ja^ljjj La_Luj 
,2alUU j.i ,^1 ( _ ;r Li.| jj| jLajJI ^jJ (jjljJj i4Jai- ^aV »l i^ir ^ ^UcjJV! 
(jjalSlJI a_tLaX dLul (j^J • Jjlj^l! ^1 jJ! dlaj-Ja 0-><J (jTu-a^-u 4jLa j<u <j-aj 
^j^tjj fiGLijijIiSLJI jjj^- 1 11 i I '*-'* 1 L^L*aAJ ijr 3 ^jljii l^- 1 * ' ^ 
(^JJ ^LjJLi i^gJp iuiLj. 4^LU 3N tajl (jlc i_jJj!jj iLgjIjIjLa 

( _ t jJ! i^LajjV! Cj^LcLoJ <1cj_<-u SjLjj Jjjj IjLAj " . tiSJI SjIjjs. 4j».jJ 
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,j_o ^1 < jjjIj o-so jjuuJ! LtjJajiajj i^aJil 3_^>.jL>J! 

iBjIj^. (oje-cJI -^Ji (jiUSLiVI L^xj i ^pJI SJsLLJI Jj^LkjLiJ 'J^-IjJI 

J_j!j_j (j^o «L>.jJ_i ^jJaLU! tfJUfc JJlX-i (_£J>Jjj iSjjIjJ! SJsLLaJI 

^1 II 1 

4^jL>J! ijr 3 j^tj L«^jttj>. ^?e_l11 ^j-L^aj 1 JUjJ *L»_u_£j 

j«Jc_iJI ^e_ta-m Sjlj^a. "i^-jJ ,j ^ " '"' ij-«->J! 4i!Lu(JI 4l>.j_a (^-Sj 
'(j 1 "JU"^ Jr 1 ^-"-" ' Laj. ( _ ;r 3 (jl^ LojJ^. 4ji^. <JluL^ (_g j-JI I a-c^aill (j-a Jjal 

4JL>.jjs J-Aj 4j1^ (_g jJ! 4-*j*j>. (JlS-oi CjLlo ^1 ^LjjjV! ( _ ;r 3 (O^tlll l-J^JJ 

-(j^Jj-Jj ^Lajjl gjlj-^jjl^tl .sLaj (ji lii^s. _>>•! lSJO 1 (J^-^ "^-^ ' "J^J 

3j^o tjjjaj ^ j ■ -« j i4JL]LjJI 1 "j'lj-II j^jLjoJ! 4l>.j_o (_gjJ! 

^ alieJ (^lll 3jUI dJJj iNeutral Sj_jL»J.! SjUL i-3jJtJ La ^ j i aj (^lll 
,j_a 3 1"^ (j^. Sj I j f L-J-S-ll 3jLa ^ j • ^"j SjjjJ! CjI jj^jHII I j^'a 

, ,." iL-ilSJI (j r-i I Sj tLiiil 4iiiaJll 4lLtaJ! ^1 SLaLUs^Li t Sj n"i i ii U 
4_la£LI! oJUt J-oLkjJ! (j-o ( _ ;r 3 4^LtaJlj -j i^aJI j^Iij «l aglaJI 

J *C i"i _t jo^aJjl i_JS SjIjj>. £ I^>-jJ ^Lajj! 4ja_ujJ! (jjSijj i4^LLaJ! (jja 3j_uSLII 
. cL>.j^ ^j^jJLo (^uLiJ ijr I1^>. ijr II ' aaj Jl^ 
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I ni . (jo-J-Lllj (jajj£Lllj j-La- I n^VL^ jil^t (_£jj>.i j-i-aLiiC i ^ J JI Vaj^lLa 

Ajoyll ^Lajjl jlj a" ( <il £-aj i LaL>. (j-a SJaLU Cj^icLfljJI tfjufc (jx. 

i—aJaLiJI (jiijLa^JI) _i A^ji^JI ^Lajjl ^ a i ina . j_i£L3 j_t£l Sj!j_r»J! £ l^>-j-i J-^J-j 
3 4 mllL .-.I U->lt j , „_) ^jjl^ll ^Lajjl q$ dilij i(Helium Flash ^ jl^H 

^jJI ^j>. ^LaJLjVI 1 JLA ^ o "i i im^, Lul J i ( u * )1 i mtJ Lai 4^jkQX1 ^j?e_l1! J-a_*J 

l^j-II fU=t-i-J! jar 2 k 1 VI j i"n " V SjJLflJ! i>j_& (jl VI ij»Le L-iJl 

4 j^_u_^ (jl (j£La_i V £_uaoJI 1jLA(jl LaLa-i ^-ual ^aJI (j-a J • (jH t < nil (j-U^Ljj jj-aj 
(JjAi U? 1 -^' J->«JI 3jlj^>JI 4j>-jJ) J i aj (j! L U jja ij a" . nj V Lis* 

. La (j? Ju V i4joo-a «L>.j_} (ja_ji_a 350 ijr ll 4(J_iitt3 

^LULij sLajajv j^Li t^je-cl! ^l-^l jJI i_ij£jjJI jlj ii"ii ..VI ^ Jli2 u i .i j'q 
(^1 j<u5c_Lll J i aj (jl Juljj O-ajeja dJJi Jjlj a I 5jj JiLojVI (^ 4jL«Jk 
i(J-J-3 (j_a £^>_<_ui JjLu-aj 4JLL*L^ ) S a I'J-^ 'J-" 1 ^'^' 4i!LaJLll 4L>.j_a 

(jl _aJj . 4jbSLII jJLL (_g jJI ^Ja-mJI sLa-l i ii a 3 J)Ljj ^1 I JJt <_cj-uJI 
(jl (jj\_a_U (j_a 4_jl_3 i<j-(_»-a JLs. (^Jl j«j*_l!I I— ila ( _ ;r 3 ' " i « ^"j I 3jlj_>JI 4j*.jJ) 

(j_a Iji^- 5>fJ^ ^ ^!- 0 ^ f 5 ^?-^' Lajj jl i Ij » tu a Lijo jl Nova Lsjj 

L^o-i j-i^oj-o (j o i u l_Aj-i_oL) 3jL?e_a (JlLa »^ i gag3 i JL>.1j (JjL& jL»_ij1 (J^L>. 

. jLl>. J*C uij Ij a a3 " Lajo jl Supernova 
(^ Betelgeuse >t j^j>Jt Jajl jajso i(jjSL!l ^ j-«-><JI 4i!Laj>JI j-^i/l (j-aj 
1 i a 2 i i .i 1 600 ^a-j jJ-Sj 3-jal i .i a Lii2 Jjljj (_g jJI lOrion jLj>JI j<ujl<-u 

4jI 4-dlli&ja (^yja JJLaHj 1 j 1 1 n 1 ^jLi ^lj^j>JI (c_t£LLa) i_La_il ^e-ia 1 

(jl LuJaj^ jjj 1 1 i 1 n a i"i j-Ia3 Jfla Sj_a 350 ^1 ^s. tfjjajj jijj JSLt 

<it 1 11" II t_^l jSLII (J£ cjj^cjjJ i4_JL>JI (j 11 a i"ill £-us $a (^ja (jL^ ^a-Lll 

. d j 1 n a uJl fiLc^_a_>Jll (ja£Ll (^yjJI 
4JLm (j^j^L) 5 JlJlj (j-^aj 'J a I La^La^. Ljiajl 1 a3 1 (j n a i"ill Lai 
i(ju>.jlj J-14JI (j-a LtJajjj 1 'll^'i 1 11" Lajtiil. dlljj i(4_uj/ (jaoLa <_aVT 4 1 u a-^) 
SLpJI Jj-r" 1 n" 1 11 ojSaJl I JLA ^'jj-?^' L W! ( a:: ? J> " Cr^ ^ J ' aj (jj L^jSLIj 

. L^jjIjj>.j (j 11 a i"ill »lji<i SjuioJ (_^j^l c_^a^ 
j-a_u_uj (jl £JU£>. jJ^ (JjL^tJ i«L>. ^t-uIlJI «LL>.j»a ^- = ?° ^'j^? 1 ^^ Jajl (jl 
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pUoojJI (oljsUlg joaJI fc&JloaJI 



Cl^jJ! (j-o i_jj_l2j J-Aj ( _^LlJ! (Jjiil! ojiajjj (JL) - ^! d la i ■■Ij; SLpJI ( _ ;r 3 

4_1jL^J| 4_u!iL>J1 ^J* d i jqj?e_lI1 >. .1^ ij-aj>J1 4_o1L4jlI1 ciLvj-x Lojut^. 

(JajtlLi^ . Lujla ! Jl>. ^j^e-lI! c_JLs ijr 3 3j1j->J1 «L>.jj ^-Lp LaJ_t£. JlJJl>. t_£j)^a-i 

j < a * C (jr^i '"'N C I ^" tl ^j_jz 3 J ^* fl <lLuiLm Jjlj (J^fcltJ 1 JLAj taj j i u if La j 
. LaLaj fSJ*-LJI J-*isjj SJaLLaJ! ^Lul i_i3ajj "ii-o. i JjJj»J! 
: 1 (j£La_jj3 ij-aj>J1 cL^JLjjlII fiLLvj^ ^-iL^j ^£ ^j*-(J1 jj LaJ ^J-u-aLaj Lat 

I jl LjJsJjs ^^aialJI (_L^.Gj jjjj igj^ajSjoii ^tutUI (_tla ( _ ;r 3 ^>jJj 4_ujL>J! ^Li 

iSJaLLaJL j^j-a -jlj-al (ji^. Ij^La («j*-iJ! Ji-b ^j-J! ,Jc.LilI! (jL^ 

.^Sj?e-tJLi t _^sL>J! lJj^LjlI! ^Loj^U 4jjjL^ «L>.jJj LsejvLLa 4_jJLu 

j-^j— a I J-iJ . 2 al t--> tl j_jjj (_£ jj! « .Saja^oJ!)) «L$jj! J>jjc-a_L3 ! JL& (jjs ^CjJLjj 
. 4_uijj>J1 cQjL^j ^J*l ^j?e_lJ1 jj LaJ ^ a" i u ^alSItll ^j?e_lJ1 



White Dwarfs tUfcaJt (SljiSl 

«t_L>.j_a iJ3 _3 <J^>.jJ1 t J-U-^ f i ntl ^_l^Lo O-al j 3l_o* Jju-^oj?e_lJ 1 ^j-^* I 
Cj j_allj3 (_pa_ui 1 Mit 1 L$J jLlitJ Jj3j id) jJLl cLL%.j-aj3 jl . VI t 4j>jjrj Mill 

-I ■"'-'j; 11 ^tjJaVLi i-^jjtj L*^ 
L>J aiSll| jljlj^S i3_ujL>JL> jjLIj Jljj La j_a^.Vl Ji^LsJtll L^jj JLaJ 

ii>j^j_a lSJJ- 1 (J^'-^ CjjJL»j ^ n i njl J^>-V CjjSj (j-a jjj 4jSLIj 4_i^ 

54— 1J j a " i ii a J *C i"i j I JlSLt i(_^ai2jJI Ljtlla 4_u jL>J! jjI j a" i nj (_L* (jSLIj 
J-ajij (jjJI =Lu jL>JI jjlj ^!j_i^s ( _ ;r 3 ^ x bj L^l^ (O^-'J' d ' o! • ''^^ 

3_jj!j_>JI ,_^a_2J! ^La ij_a^>JI <LaJLaj>J! sLLs-jjs Jjlj 4jLo- 3_jL^j ^1 («J*-tJ! 

. 3_u jUJI j_a j-aVt SjL^j (^3 ^>«J.I j i.i^eJ 

LaIu i«LiaiJ! ^ ojlos jJLa SjljjJLi JoLio.>U 3_aj>U! aj^LLaJ! La? 
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A i \ i II ^ • ■ eajj i(_gjlj->JI i La i ■ h 1 1 d j <i frl 4-i3 w agjej mJjJI JijJI ^1 -ij-JJ 
. LujJij a ' *~>^"< * ^e-Lx^aj m^>- ^qjteJJI ^ ~* \ ^" < ^ t jL^cJl! 1*m ui3 1*m mi 

I nil I (0^*-^ ^ J I ^ I (j! JjLJ (_LcLl2J (JL*-a l_lJLi& JL«J pd IjSLaj 

J j w *l LoJLt£. ii>j^j-a ijr 3 ^j?e_lII O*"*"^ ^ LlSftll j-t-^Lutil tgj ^ 11 

.!>j!>LjJ, ^j-Ij^l '"'I La-ae-LlI j_La 4-j.iLa p 1^ » ^ Ui^i lS-^' O^jU^rW-" 
isLsLLaJI JLjJ^j jj^. ' a ^j**' j (jJa_u^l ^j-^JI ^-^J- 0 c^i t^-?"*"^ J ' a ! L-°J L -^J 
J_jj_i3 sLj_LsX. ( _ ;r 3 (O^tlll I JLjjj ii_sL£ «.Jjjsj» (^^Lc i_£jJi=-J J-«-J pJ 4jV dJJj 
. s 1 ,>.Atl jujui j jj 5j * d Lj ■ ga H 4Z£sLia I j^a ^ mi \ cCLiia_)j 4jj^la 
^LsLLaJI J Jj~i i ,ij V 4jLa SLaLLaJI JLlJjj (^Lc Ij-iLa JlJLJ («J (j^ i>^HS 

JjLLa-i ^1 * mi^I (jx. (^?e-lJI £_u-<u ij_w^La (j-oj t ^ JLJ _$ i L£>- > *'- J \-&»^ '"" 1 (^-*^ 
(4jjIj_>JI 4jlj1/^/I) « Ij_«->JI OtJO 4j(j1/ I (j}^-^ 3 ! j n"i i mjj i4_uj_U CjLs-jJiI 
^1 » mi^M (j-C q j J VI j»j-2JI i— kSjjj Ij-o-Ij mm 11 jjuJLi LaIj-i 

.O-us J^j_ui pin-*. _}j^?e_a ^j-L^ajj l_ol_4-i -ij-^JJ tiJ-I^ J-t£. 4-Lal inn j cu • «j 

Sirius (B) ^LuLa-JI ^gjt m.1I njjSLII ^ «LaLii^l ^<u (j^ui Jj'j 
3_j_iL<i_jJI t_gj < i^i II jajso jJ-jj Lo-yjj Canis Major j i_ . Kll 4j£j^ ,jjs 

L-LaJLj-"i i ill I jl (>SLIj iSjlj^J.1 (juJLl 4_JI Ijj-Laj Ijl »l q i ntl ^ \±j 

Binary (ji-^-J-ij- 0 LijSLa LaLLaj dJLla (jl j jl^j i "'a , ,ihtl 

^I^, i I 4_uLi_jJI ^jjljIJI ^jl LjLjlL Jl^u^M ^jje-lILs . 1 ^.^.i (J^>- O^JJ^- 1 
d * j aj (jl L-ta-LaJI (j-oj j Mill «lL>.j_a ( _ ;r 3 i iuS^JI jjLjjJI ■ Laj. 

J_>JI £ ^^-*r!^' tSj * '"' ^ f 1 ^?-^' «J-»^a (jV sLuLijJI (_gj » i"itl) 

.(^a-u^/l ^j-^il C1^L>. ^1 * Mil m^I 4j^_Uaj (^j-LaJu m^jJI 

j j < i^i ti st (jl (jj-JJ i* ) ^L_i > L-4~^1 » '"ill t, t I Ml ^J>.J-JlJ 

JjLjJI (JjL^JI i La « i ea 1 1 i_3^)Ja C-LjeTLa iJjL* J'C ud 4jj/jSLo 43jLo (jVj Lu-m-i 

SjjJI (_L^ O-LaJLcia-llj i4jjL«JI I j"al U CjLjj" i u a (j_a ^jj_>JI ( _ ;r Lc '"■ Ji^ 

(^Jl 3jLa i-.U; .v. I diljuj . -I i^tJI j»lj^^l ^Iji ^Ij-a 

3jLo (j_o i_ljlSLU j " gj" i i ntl Qjj t*- 1 <J-°J 'J^' j' cr" -y 5 " 
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^ i ( t j 4j-4_>J1 4JLJL3JLJI clL>.j-4-i < ) 4_uLo_J1 * Mill p^>*J j-o JuLJ 

4_<_l jL>J! *T"*^d O' *^ O^- 0 ' ' ^J^' a U^J. J-i^>LxJI cJSjJI 

(O^LiJ <jSLai jlS^ lo ^uVl ^j-iU SISL^J! JLali&LJ! ^ o-*^ j-"^' ol 

, U j , a 1 1 u i 1 "j'^jj I 4jaLLaJLi 4ja^Lc 4J (jjijJ- LLaJLUs jjjjjLxj cuia 
^ylLl! J I -»■* II 3JL>. (j_a 3 j o i n't I cj*L>. jlsj Degeneracy Pressure ^ 1 IVitl 

V <_ilSJI . u i , u 4itS_i JiLio-VI (^1^ b- 5 ^ JLw ^ 1 LhH^'^^AP 

'.jjlJ-aLc jLjoI (j- 3 (jj'-^ l£ ^i>*-" (JIsboJI JajuZa 3^3j . 3jlj_>J! (^i^- .J-*^; 

(JLalll jLill ^ La! .(Jji-Vl olj jJLi I iU.^V 2btjIJ& ilaj-LkJI jj^jUjj 
jojcjs- p la « " Jil^j ^pJI CjLi^pSJVIj i4jj/jlSLa cjIj jJI (jLa Degenerated Gas 

'-■ » ajjl I o K ijLLlI tUlj j <L£j^- (^Ic JUiaJ (jlII 4jjIjjJI iLsLLaJt (j^: 
Jaj-LtaJI jjj pu (j-oj iSjuiij I j i U\l"j '"'Ij ■*' II ^J~^ ' >jl 5jl_j >JI d "^j 1 
L^J V O-ljslj S-^JiiLa CLs\j jJLa JiitjJI JaJt-L^i ^ Lai 

. ^ L^aji 1 I j 1 1 a jlLs^qj V pj 4^j->JI 
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0 J_A <J-ii-a . ' "j"'** (J)j ua j-jP* ^^5-^ 4_jJj^/1 4jjjJ1 Cj La_u_uj>J ! C < < hJl£[jj ^J*-*-^ 
(_£a_cJI I j j '$ Cjt LaJi 'I O-JO- i3j_jL»_a jl S-jjLljs. SjLa ^ q m" CjljjJI 

^j_SJ! ( _ ;r ^ CjljjJ! j_L£ J l a " C I JL3J • J^"*^ aSI . -^-^ ajLaU JiJlJ pjj 

(j^o-ila ^1 ^s. 4ILu jL>- Cj.jl.sj! ^LlILij i \i& jj£ ( _ ;r 3 I tali a (O^tlll jLuaj 
(j^LIj i^LaLc cLii^ij CjLjjjjSLIV! 4cj_<j/ a a se S dlJj CjJLaj LaJ_t£.j •Sj" 0 
<Lcj_<j/ (j_a ! JL>. 4_uj_2JI 4jjL«JI 4j£.j_<jl : ! <jjj^tjj-4jjj>. j . (Jjaj 

j-oJ! 3.iLa d i in j-v-^jja-uVl ^j-oll (^-CjLjjjjSLI^I p la « a (Jlajj 

.p^i!! j£j-a <J& 

jj-a J_jj_a jj-a a J ^j-dJ1 £_La-> (_£J_11 ^yHselt! I i la t ' a 1 1 ^jl 

(j^a 4_j_ll_a Q\ 'v <" I dJJjj a J jVI j»j-oJI O"^- ^^a^Lxj L^jJI J-^J i^alSgJI 
l_al_a_j 2j i ^ ^Ji^tlJI JaJi-Lla ^jt t!lt_o^j .4_u!il_>J1 j3Li j^pLiSLiI 4_ajl_a_a 
(J-Ia-i-m «Gjlj^>. <*■ La-aie j| I jl i^^a-jjVI j»j-2JI ^ij'j-^' ^ al Ull ( ^ c , 

Black Jo-<j/! (j-^l (Jj t " j i " J-a^l ^-i^- 1 i«L«jaj>. (jjiiij 1 A" -» ^ 

^j^c_iJ! Jjk (j^LJj • (O-? 1 - 1 jl " * i^aAl I JLaLs. p i n-v Jj^*-a iDwarf 

(SJcJj! I jLa itfl JUIj V (>J(ji Jo- «U ,Ji»lU! ■ La » ■ a (jl dil j 

jljTj jKjj^iljJijLi Jjcj La J-4>j) (jna uJI SJj^ jJLS I , 4 (jjs 

^j-a-Lnj ^_La_i ^jt 1 se "1 1 1 da_a > '-^ j^^o^ ^taj i ■■" (j-^ (J-^tH' (0 J ' " * 

(J-t^s^j ^_ya ^ jJI^ t jlSLu-uljJ-jLlu (jLuU-iljjjj-u (J-i^sVI ^J-Lft jo^jSJI lall ^JL«J! ( I) 

. 4_cj-u I 'Laic. (JjiLs I ^cj J->J ' ' J-ffc j^j-J I 
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j«-^e— t-!l £ J_rtl<j JlS j^>-I ^ISLtTu t-dl_t_A ^jt ^ ' ^**' 1 1 JLA * J ^r. Ll - u lj ^ Ltlu 



159 




160 



^1 o lr j-j-so tj^j-^ ^° c ^3^ Sj-aLLs i_dl_LA 

-(j-tJLj I j j-j-c Ij_iL£j ij-UsLiJ! ojs_jJI (_^>- 1 dial I 
Sj_aLIi Lg_l! . LgjJJLa. (■ i tin (j-a-l—UjJs Jl££. (jr^s- 
3L^3 ^3e_l11 j-seAij Lojut^, CjJljso (_^J1 4 1_3 jjj^ uill 
j&ja-JLa .j_«->J! 4iIL«j(JI 4i>.j_a (J^^i (ji (jjj 

(j-SLx-l V jLtcjLiLj 4Io^ir j i"i 4L>.j_a L$J ^OjJ 

,-jT La 

. ^j-y^ pint 1 

SjJ. «LjjjJl!I <LjSliaJI 3j_aLtaJI a JLA j n~ 1 uj jLSj 
CjLsLia ^ 7- III ^mi \ \ J^ a J tdaj ■■j**'^ I ijr 3 (j-tc^ 1 1 nt 

(JiLa mi ^j^ji-o jj-* ^->*-)L!n 4^LL^J1 ^jL_uj 3jLo^ 

(j^S fi-X-jJ I «. J-2-3 ! ' I i I 11 1 l"l 

S_lSLL3 j_aljJi I iiaj? dliill »Ulr Ja3.V jLSj 
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3JL>- Lai i4jjLa ,j_o j_l1SLI! jJLL V LbaJjl jbtij! 3Jb. p^tiH J 

. - I . a 1 1 LoLxj jjj-*^ 4jLa La jjjjjj^JI 
jl jn< iSJI 3Jb£ jjls I ,4 «Oi£ cJiii I j>l (<s-=tjJI o! 'J^ 6-° I ''**• j' 

4JL>.j_a 4j^io (JjjJa (j^. ijjSLj isLlil! ^1 *j J i (jLa i^^^La 

. Lsajjjojj/ jl Lbjj jLcjLL 4jLo- w j Jl3 Jj i»l t^ajxll 
SjIjjs. 4j>.j.S (-;r 3 i JUJ->J! SjLa c\_t£. jj-cj (0^*-iJI i— cl9 ( _ ;r 3 (_£j|_aiJI ^LcLjjJLa 
w 1 c tfLal taJl jj-a «LLjLk 4_j_a^ Liajt ^j_uj t Lljj-oj 3_j^La «L>.j_} ^j^o-ila 2000 
(ji J-J V 1 i itj .^^jLiJ! pi Lga-flli <?L>oL ipjre-J! jj-a J-^ < — ^JLH^tH ii^ '"" 
(jySs 3_}Ljj ^ Sill 4£jJi3 La j^^la^jtjj ajc L^aJl pj*_Ll1 ^"i a*C i i 

La J*s i"i_t-LjX.Lajjl £3J_Lt3 ijojcl!! i_JS ( _ ;r 3 3j!j_r»JI ^jj-jJ 

I JtSL&j idJuia j^uLji! i_£Jua 3jofLa '^J- 5 tjO^- 0 <— 4~u-u ^1 4jtJji ^j^ 1 

dLli jlj a" i ill (jLa i3jo!La C ^J- S Uir!-^ 0 7000 Sjlj_>JI 4j>-jJ J-LjJ LaJ_t£.j 

t 3ji>>m (j^-uJ! (,>u^La J!>Ls- Lajju (^jJI 4^LLJI SjiL«Ijj/I 2JjL»-a ^1 

LaLaj ^ ' a Qa-JLl ^5 CJJL^_) ^ jJL^ ijjjj>.Liaj J^^>- ^Jj-a3 1 JLA ^^j^Lc c_*3jIL)J 

i«Lj^.jL>JI 4^1 uic '"'I aoLaj Sji^>.^i! 5j4^J! cjLa^LiJIj ^LcLijJ! ,_jl2Lla (j! 

j^jjs (jJ! ^Lb jjV! « Lul 1 1 l « J Lg_L^L«-l j^a (jua- i n^jVlj a^ligJIj (j 1 ^ jU -^44^ ' 
. 3jl_u>JI L^joS (JSLi 3 Lai (<u*-lII <Ll2jj1! 4jjjjJ! 4^LlaJ! j I taj pj . 

i4j j^Lus 1 054 j»Lc ^jjjs jjx-gjLi (cjjutajl/) La j 'j.'j j 3 

3 t j 1 11 ^jJt^eJ lii! j Jji CL) Jl^. Jj 1 I 054 j»Lc J-aVl 3 SjS-*- pjJ pJ 
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j! jl«_i VI i3j_lHI 3_ujSLII Sj-iLlaJI oiut 4jJj fAsu . LuSLI ij»Lc i_aVT 

i(3_uLJI ^yfl j_ua • all 300) 2L3jjjl)LI 4Hg.j i iu JjL^JI jL*-ijV! J-»^5J 

(j-o LjjJa cjh * j i " dij i " i 'il 'A LtaAll (^yi «LL>.j jl*j SjL^I!! ( _ ;r a (_p3j^M ^1 

(■*•■ < j j i_gjJ! j-jjII (jjLUiill i iloJI dilj iNeutron Star ^^Jjj-uJI (0^=JJ! 
I jj s L-uj lillaJI »l nlr (j^utJ (jl lO-jfljli]! d \j «LsJaIlla 4jjjj!j CjLiajJj 

Jjl_>tj iQ^SLII 3_<j£ j cjLLjL^ SjjL^s cjIjLJu^I ojut ojL^ I j>l I »c 

.Lb JL^iVI 

^^JJ (d i t i"itl (JjLiILa) (jjjjjjjJ! illS! fljj (jl (jSLa-i 4jJ)LlJI i—SjjjjtaJ! ( _ ;r 3 

i_3j)j-Lb (jjsLlj t(d Lse uJl t JL_u) (jjij-tSLJIj (d Lse ilitl c_o*^_a) (j^jj^j-i 

(j-aJLflj (jLa i Lsjjjjjj^JI 4L>.j_a ( _ ;r 3 i_£j_bu (_^<JI 4l5LjJ! 4_uj)L>J! 

iCjIj jJI (j-u La t_!j-2j (_£ jJI i w j ■ ■■ xJ I j i us H ^Li. jtt^s- jujuiJ! 3^m 

uj-sjj . L^j-iLa (jje i .."I 3_uj-l>. 4^,j i n_i jo^=-iJI <■ ' B ^1 3i5L^J! JjSLII ^Lajjlj 
L^J jJjjj j<u i L#J 4 2 ■ '"N " jjJ^J Lj3l (j-a t-jjUflj cjLijijjSJVI (jl ^1 I jut 

(JuLjjjj^jJI £-a (J^LjjJI J^pJ '3l J-JI L^jIj-i^I 4j^LUsI 4jaljo 

j i fni (Jj)L»_i (^1 (Sl j_b)l (jSLuuJ 4 _^ r _cJ 1 ) CjIbjjjijjJI £-a ^LrtilVI (_gj)jjtj 
(^1 Jj^e-ij !jL$_ij . Cj Lbjj 4_o~jll 4 lx j_o i4jJLjJI CjLjji^jSLlVI 
(jjjJJj-ijJI >Liul ^1 (_JJ>I (J^LjliJI ljut (jl (_gl . d tae i"ill SJjiLila CjLjjjjjjj 
(_gj jJI i_4j^j_JI (_jj (^jvLxo (jr-iiii (^1 (J^tiJI I Jut (_gj) Jj . (j^j-iSLiy I dLj-bvlj 
J_«^>u (_p=LiitjVI I Jl^jj . ((jjj^jjj (j^pSLII ,j-a ,_L2 (jja jj^-b jl£ <tup~) 
dS£ LjjSLa (^jjj^jjJI (<s^a-iJI I IjlSLtj 'J^' SjiLil (_^3_ii2j 4_uj)L>JI 

jJI cjLLIjjIII dLio-lj diLi/LiSLiVI oju^J 4j*_uj^j .ciiLj^jjjjj (j-a Luj_2j 

CjljJLa j 1 ^* (jj-J^ A J i^^-^^ J 0 -?-^^ J 0 -?-^ O a ? 
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-j L^aJ \ CjLi^j^Js tj7-i^>* ' "" ^ 'Cr^JLH^ri-^ J 0 -? - ^ c ^-^^- > * ^-^^3^^ 

3jLc jJjLHj r-j LtaJI (jl (j^o p^jJL-4_u jL>J! ^ i a ■ 3 (jjs Cj^LaV! 

.«G^L>. <LuL%j^ d a tla (J*\ mi 

(j_o 3_JL>. VI (j .I j t-ij-tlSL^JI 4l2jj 4laL^ ja£.j-c^-ii ! ^^jjjjjJJI pj*_Jlj 

* <j 1 1 » ^ <a , ,m La -i^-?" 3^ Lccaj] illlflJI si alf J flj * i i nil (j-O^U. CjjCLa! 

i Ljjj (J-2j!j i I LaJJLj p la c 1 j i Lg-j^v Jjslj 4^L^ J^l (j-^' JjjjJI 

d a 1" 1 1 ^L^>.Vl QjLoj (jl (j£La_ij . ^^jjjjJj^j-LJI pj5E_J1 (j_a 

. 34-JSLi Li£ U^Lp- Sjjj «.Lui 3 nl'^JLl ,_L^.ljJ.I ^ i^stjU 

LaJ_t£,j .mJjj>.| (JllLclj^ I /j \ i r-l ii" (J- 5 ' p-laj (j_a (j^Sju L^jl JJ-JJ Jj '(jJaj Li^ 

i3_ujtjj| 3_u jUJI j JjLgJ! .Ui.^lt i^^aiJil jIUl I ^Lil! jL^jV! cj jjxj 

4jjj_c mJj^>.| Sjij i a J SjU! j j IaJJ . Ltjjjb w flj seJ 3-JjjJ! CjLc!j_aJ! (jLa 

p ■ "I L^-lLc (J-LLaj jj! V! iimj I ^ a ■ aj ■ jj V i LJ 3_ajJLa 

pja_JI 4Jj^ jLl^jI (j-a ^^jjjjjj p-so J-J-y (j' O^-*? SjjJaJjl sLo-LJI (j-oj 

^ 1 ^" LcJU^, ^jjtjJj^-uJI pj*_(J1 I ui t \j ij-uSL) (j ii g i"itl fid^ ^Jj^Aj ^jJI 

(jl ^jl^" ■ ■■" oLijj^SLiyi (jl iSjLii! jj< i^i p^ta- ^ S^UI 3_uiL>JI 

it_!jL2jJI I JJt (J!la ,Luaa«J CjLjj_pSLlVI (jl i«CoJL>. SjjJaj ^xis jjj . CjIj jJI 

jj^ 7^J-»-aj L^iaLU (jij S.lsL^I 4^LU (^ic: 
(jj^Jj (-;r lJI oLjjj_jj_i_iJI 3_ij£L^ iSljjJI ( _ ;r 3 CjLijj^^jJI j^a (J^.LaIu L^Lujo 

. (^jjj^^j-Llt pj?E_Lll piajt_a 
J>*- £i>-"' o' JJ J 3JLa- (j-jj^J^-lJ! p^JI (jj^J (jl J^»J.I (j-aj 
200 ^s. J-Lu (JjJtA (jl LliLUI »l n lr ' ^"'* J a i(_L* j-a J's i"i_t ><* ■ I 

(JjLgJI (jljjjjl (J Jjlaj . r I LtaAl I (^ ' " ■"■ fljj (jl (jjJ i3jL>.I^II 4_uL\JI ( _ ;r 3 3j_a 
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dJLLflJI ?\ o If J ijjJUl 1 JLA dll i mil (Jjljlj Cll m**i i .itl jj>.1j! JLLo 

j J lajj 1 1 i a3 (jSLflj V I j*'al~X sLvjJlS CjIjILo j!u£ 3ji£. I j 2 i c J-l^J 

_j LjJ i_Sj|jj<-a (jJ-«-a (j- 3 Sj^Li^s J-Jl/I L#jLi 4iuJLr»JI 4-iSLLUI CjLuljjJI 

(jjj-oJIj iSjjJJ <i n -r t'r> 3l jj 4j1^ i^^jjjjjjJI (O^c-Ltl (^Jl jJa-JI (jSLx-ij 
Ljs) iSjLiJuioJI 4_j_oL>JI ^J* a 1 lLL-uLqUj ijr ij)^3^_uJ1 ^j?e_lII (jl I q j !LiJ Ji_l>.^J1 

c^=_aj-j! jJa (^^JJj-lJJ! (<u5c— L_1 1 (jl La£ i3_jjijjJ! SjJlILj dJL^/Lijia 3jj-!l 

dlli (jl lillajl »l a Ir J-SIlkjj .CjLjjijjj-u i4jLjjjj|j_i £-a «GLjjjjSL!! 

jju^aJI ,>jLaLi/ (^jd! jL^ajVI j ^La^jj-ij . ..II) jLjjJI jLsiijV! ^ 

,4jJ>Lui 1054 j»Lc ^ -I La.HI ,j-a 2 fljall I tfjbt ^ *LaJLaJI 
3 i fc- ;ll 4jjj.il j_!I cul LajJLtl dUj i ji£l LillaJl ^Uk. j^tj |^jJ! ,jSJj 



Pulsars MbUI |S^Jt 

j|_IaJ_o 5U,„lj_, 1967 j»Lc ^ (lIjIjI ml j II) SjiajLLtl j»^iJI cuA m"i<l 

LiLJi JLslj G-LiLu iJj-j-S.} a I laj ) ^ 1 4j^j^Ij Cjl_tia_u JL-ujI ^£ ti~ i n a 
ij-jilLa <Latli»J,l CjIjI i nl itl a ■ i J Jjta (jl i<ijl (_^<-II 4jljjj^JI CjLsI i^m^VI 
Cy> j3 (^Ijj.) CjI < j W lj l(jt u-v ^ (JJa Jjjdl (jl (0^.JJ 

<(_Lo (j-SL<u i_gjJI Jl^JI (jJI I -i la * " " ■"«! La-jJ tl c^-lSjj (jL^ Jl2J .(3_uLiII 

^ J tx J a l_Ajl J_o ( _ ;r 3 L^_lljJJ (_p3jVI OuL^ lil Lie iJVjGjj/V! 
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(jjLflj u& > a uuS l JIS ( _>^ 1 '- 1 (*-*' O^J • SjjlLla ji t(j .1 n uil l 

4 lj3ajj,i^ i nil j3Li£ w 5 u (_£J-!1 jUaj-tuJI ^_iJU_o < la i --J ijr 5 4 i ^^j^_uJ1 ^j?e_l11 
CjJU>-j l_Lik (j-oj . 3jL>.!jJI cLj-iLiil! ^jls 3j_a 30 a J * (ji^ (_gjJ!j 

^Lgajj La^ J^a^ iS ^-^L?-^ jUa_UI I jt^^".La A . >. ■ « j > . - ^ ...At 

:(36-J£-<i) jjji 

I a K a • q a i iJI (_£Jl$j i_gjJI jLU! 4 1 « aj Lxj i3JL>J! ijjla cUjiu jl (jSLa-ij 

«L?e_ILi 4i>L>oV! 1 J_fl> jj-a ^— LJ 3j (j-^- 4 - 1 elf*-*-* m?-3 ^1 * mi 4_La jjud 

. JjV! oLsoVI ^1 (Jj^s-I 3j_o Jj-KJiJ "^iiJ ^-4^ Cr'l ^j***^ 

. SjJLx-a CjLjsjl 4-a2aILLa <icj_<j»j iljlSL&j 

C^jL£ ij_a^l £f.sLl (^JjjjjjJI (O^c-iJ! (j-a i"il . j "tl i - . ta y. 1 1 LaJ_t£,j 
4 ijr cl_u-a j ' " (j_a 4-a.iLa /">! . >» .'II 4>j_a (ja£j jt 4_uL£Lal <J^>. jj lla lJJLlA 

. ( _ ;r xlsj^/! Sj£LII jK i h i (Jl i all^l 1 ija^Ll! 4ijaLc cjLcjI^ (j-a SJjLa^s Jiixjj 

^ I a jl ' ^ _0-><-! 5JiMj <-"iri MM^I j I JJLJ i I J t£ (j I V"itl j<U JL2 3j£Li!l 0 JL& (jSLJ 
(j_a JjLa-j ^1 J j 5C " i ii U (j o 3 . Lcjjjc^j d ii I" -tt-a (j^Lol (_£jj>.| 

i LtJaAJ ^ j i a * * j^^- 1^>- ^^tJ-* -1 tl)^^*' i im jj-i^-JI 4_j^jJ1 Cjl_ijl£LI1 ^jjjLo^I 

.4_lJUjJ1 CjI^JjJj j"-^' Jl?-**( i n a i^j^SLJI i ^ r 5 jj^J^*^ ^W^-^^ -1 (JL-*-^^ 

w I c (_£jJL>>jj 3j_jJ_Ju ialii^ L^Jj dJjLt ^cj-uli JJ^J 1 s I LtaAl I ( _ ;r 3 d jtjjU 
^j?e_l1I ' lil fl-t^al ^_a ijr A aJJbj i4_]LilI j-jJLt^a 1 ^ -a a ^ J i4^UaJ1 jj-a Sj-u^ ^l-jj-a^ 

i4joLlII CjLju jdLi jl i4^jJajs (j-a 4_JI 4^LIaJI J^jj ^1 Jju i(jjjj^>J a" i nil 
i—aJLj j j i a 3 JUlxS . ^illa 3 JLiia-La 5^Laj L^SjJa Jjlj 5jLjj 4£jjI/ (j-a 

i ( _ > iajLLll ^jjjjjJJI («^*-iJ! 3JL>. ( _ ;r s (jSLIj .3jLjjJI 4£jjiJI jl (jjjj_>J! oLijuj 

i3_l^L^ 4^LIa LgJ C^iljj! I jl t> ? i ii tl tljbjijJLlI j a "i i n~ ji (jSLaj 

( _ 3 jJI a j 1 1 1 CjIjjJ (_jjLSj ^ Ltajl 'II L^JaLajJ! j<u (^^Jl CjLijjjJIj 

zjlLa jt 4_ia i^l mi V La-aj 4(^^30.0 liHall »1 air <d 1^ . ..Ij < L^jl i ua* 

t_\ji-xji 4^LIaJ! (jjs JjLj* Ojj-^*- 0 i^L^J-iL^iJIj 43lilS-!! 3 JLjJlJu ^^a-cJI a JJt 
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. 1 JL>- (Jj^la v^j-uiJ (j ga i (J| 

<-J&^l_iJ 1 jjy-^l claJt LeaJl <Lj>. <tLa_i_ul (JJi-u (j a j * H ^jLi .5^-^ ^*_cJI 

i La Uj * (^jJI j i 4jr Jjj3 ^_uJ 1 p^*-tJ Ls 1 LaoJe * ^£ jJ I 1 JL>. 1 d 1 1 j c-ujJaJ 1 ^£ 1 

(J-«-«3 1 4-jja I jJa-i^a I 4j>- jjs ^1 (_£jj>JI i_S^L«JI • La « i ea 1 1 «L>- (J^tjjj 

d uiAj (J^>- JJ^- 1 j_>ajLlII ^?e_l1! (jl (j5-9 L« » t (jl VI i3_}JL?e_a 4_j_Laj 

Cr^ ^ Jl>-| jJI SjjjJI pUj Jl3j t^Lu J-o* «Lcj-i_uj 



U-U-l 



^_j_t-all£ i Lca-aJI ^9 (^j- 4 - 1 iS^^ J 0 -?-^^ L)^ (Ji5^-^^ Cr^ L-*L-4-i ' d b se * J_i_u^t^ 

j_aljJi t_jj_c.l (jii^l—LLl ic^jJ! (jV! (jL>- Jl2J .«i_ij>JI jajj*_tJ! I « p (jlII 
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.3.>LU <j-a 

i3j_SLJI (<u*^>- 3jj Sljj (jl 

51 jJJ! ijr^i 4al 1 ,iU ojLSL! 1 L$£}Lai ^ jjjG 
4i)l 1 ill ojutj . Jljjj j! Ij^-a 30 ^jjHSLI! 

(_£J_j>.l J_£^J .S > Ml JL>.t LaJ_Lc 

t(j\ "1 mi 3-aL«J! 4_l2JJI 4jjJaJiI 3j_ul! CjLujSjlU! 
iBlackHoles »l.aj-uJI ■ . ij-S-Ju ^ a 1 n_i La Jo^-j ^Ir 

a'v (^gj La Sj 43_}La jL$_u ^j?e_lJ1 Cj^_a_l LaJLuLS 
(j-U^Lx-i ^1 <<t^M jj-a jJLt-ol ^c-lx*3-i3 j^^-ssljluj 

Ijjj^ J-Sj 43jLa O' l5' *'— ■ >|>il 

j|j)-J ^^L^JI (_Lt==J iLg^ajj £_a 3jU,l 

Lflla-I ' Cil <ii 1 n->Jl ijsLi j_La-i L^ji (JJ j*. idljL* SjLij 

L^jJI t_jjGjo L$jl Li^ .^jL>JI (jJI Lij^LajV! (jjj 
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. c.lj>j-4-u JJ-JJ I'-VJ ^J^J * tiiljJ 4j*-ujj 1 J 

^ a 1 « - 1 ul I 1 flj ^ j < a ij I aju£ pjse-LJI ^ji L*L>. 

£j^ej V 1 Jjjj/^/I j-J-il! L^jt£j 3JL^j ^ 1 njj JagaLj 4j! Lt£ 4<L^ JiSLiU 

. A^LLaJlj (jjSLjjJ! jjj/ (J^-La^l Cr^- *(jr J -" * '5-5 La J I ^J-^- J I « j_Ua 4_La 
' ^ a J**'^J Ji^-i-u^M J-^II Jl^ejj 1 1 jj^a^JI (_^>* 

i Liajl (j-ojJ! J flUc Ij .-J LeaJI (j^*-<-u JLS <UL£j Jjjj/VI i . 1 Sill JJ-JJ I JiSL&j 
-SjJLS Jjjj/V! ' . 1 flUtl (_JjJ (jjS^Jj .oLLilij ijLt^jX. (_g jJ! (j-i-K-ll (j-ajAJ Jjij jaia 
(j_o i_i^l^SLI!j ^^=_Lll a Lfil I 1 r -4-j-lAjJ I 4_ujL>Jlj (JjL^JI ' La « 1 a 1 1 

p-Lq-Lc 4_]L^t_i J3 1 c I ' ^* ' ' ^ c?"^ H JJ.'^ dJJj (jl 

. I 1 eajl S-a^Ls SJjjJa i_il j i 1 11 1 (jSLIj tL. 1 1 nj&a j-Uab>Jl C^S^JI (^yi (J-ujJ iiiiiil! 
' (_Laj «L_l_lj*x. 5JL>. Ji^_i_u^1 < Jaixll jjjjlj i4_]j^_Ll1 *Ljj-Lti]1 c.I_aJL*J dim ilLij 
1 cu 3eJ Jijjj/^/I ' _i 3j II ill JL>.^/ jL^-ij (jH^' SjULli ti . 1 (j-^ L*-"Tj p j 'j >l 

. cLLs I ... ■ 4 4 1 ^ 3 * * < 1 

Cjl jLLtOAJ <L>.I V Jl^4_41^M < t-dxl 

V >lj^JI_3 40jLjT ,j_o i^i II {J ^£. Q^lXi i uJ (<a^ji j^l jJI I (jjlr jVjQjj/VLi 
I ^ I j' a j « ' j Aljt^tl /.'i ^, j<lj ,3_. , „jUI ;;1 1 jj 5_ujL>JI liDjt^j 

4ILj_ijL>. JLa-o j_ljLj (j-Lc t\ oUtl J-alnJ Jijj-uVI I . ■ 5!lll 3JL>. ( _ ;r 3 I i eaj fj 
(jl .i>jl J^*-J 3 « i"i^l j I i^"i tl j =LLa 4jjj_iUI ijjjjjj/ 44ljL^JI 

I j I i S (j ii j t 4_u^c 3jj_ii_o 3_IL>. (J-i 44_jjLa IjI-3j <■" i i njt tjl J iX\ (<s^*-i-II 

(j-c diiiJI »l olr j-iJ<JJ . aIj^VIj J^LjJI dJbj (j-^iJ (J^'J J-*^- 

ga * 1 ^jj-ll CjV^LjlII 4>JLA JLtiojJjj 44_j_Ual_jj CjVjL»_4-i ^-jIjJI ^j^SLII Ai_Laj 
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. ElJia-mll * la axil 

^js-J! ^Ljcj>.| jjJl2j i4-uIaLjjJ! CjVjLti! «L«Jl«JI ^ Jlir" i iij'^ 
i LgjjLa I jj** La-S-i ■■" 4cj-<-aJ!j Lgj^LcLoj (jjJJLajj i4jj^>JU CjLc jjs->JUj 

^-lUt-l] (jH-M iljjeail SjLtlj iL$jj!jj>. CjL>.jJj L#£.!jjij Lj-IK i"iI i M"-^ »j 
. l <jJ<jM j<u L$3Lp- JjiiJ (ql-ujJ! jjJj^La) Jj^iaJI ^jJJ (jic- ' U^'- 5 Cr^ 
j j ("11 (jSLx-i iL$jLo» (J^Li- ^jja-til CjJLso (jylll Cj^icLajJIj j_a!jJaJ! (j-oj 

4_^JLjjlJ1 i 4jr j_u_ujJ! ^jLUjJ! 4L>.j-a LgJpO ^y^>- La J-I J-La ^j?e_lI1 

(jl ^jU" 1 V i(_£jij-lJI-i_£jIj_>JI 4jL$j ^1 J-^J LaJ_t£. (OJc-Ll! (jl 

d * <<*>J (^_»_a Jlj>. (j_o cQJ^ duL^ t^j ^ )VI ^j-dJ1 (jjl 4_1L>. £-Lu 

Chandrasekhar jLCuj/Ij jjLi Jo. A Ac jUai j<u (j-aj i jlSLu^lj jjLi j«JL«JI 
^JJ a I 2jj (jl jojc-lI! . . n n i*itl =dj^ I j4 J-Lu j-Aj Limit 

. SjK j 1 nlj juLi/ jl>. jjL*lu 4ib^j 

.^till jL^jj diljj i^ailll 1 "J '^LilS (jl-^l jJI Jaj-LaJI (jjSLj 

i^jaJjl a-j (J-jLa jLjc-oj! vIjJljcj jLi^jV! «Lul ( _ ;r 3 4j! LilLutj 

, r \ . >. A tl 4TlL'i^ p la * -t * ^ ^1 <j 
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d La i til JLAj utj 4j^!ll! 4x. j^ae^qj (jl_Laj-*_uJ1 ^_iJlj_u ijr 5 Jl)jL>. La 1 JLAj 

jL$Jb (j! (jjL\!l JUj^VI La! .Sjj^Lus 1054 ^Lc ^ ^j'j^H (> /CIMl 

L&J-Lcj ..4_ujtjJI 3_ujL>J!j (JjL^JI i La « i a 1 1 Liiiia-o IjLl^jI ijojc-lII 

4jjj_c (_Jj^>.| Sjj i a J 3jUI j fllaJJ iCjIjjJ! ( _ ;r 3 4jjjjJI CjLc!j_i!l w flUjeJ 

. I A , ^. i i U£ V i LJ <t3jjLo 

' *— ^ "J 1 "">^ jojs-^Luj jJI CjLjLiSLI! jL^-u t\ JjjjJ! i_!jjiiiJI 
w I c Cjj_a (j_c j_L? (jl JLi ^La iCj! it ."ill w flj aeJj CjLclj-iiJI 

-r \ . >. Atl (j-U jj-* 3 ' La i ujj rt p->*J lino mi JL*IuJ .^j?e_l1I i h a 

^jJLc ^ Cj i La^j jL$-u (_^oj-o (j u <i utl\ (jl ^1^1 I JJb (J-Aj At-lLlj (j^. 

J j se "i J (jj L^-tSLIj i4_u_o (jj_LL« t-JiVI d nm'v Jjlj LiLa* (j n a <"i!1 Oj^Ilu 

(j-o (_Lai I (jV o^rh 1 ' f Cr'l J-* 3 *' 3^-*^- Cr'i cJ^ ^J-" 1 ' ' . 1 Cr^l 

■ jKji nlj J-jLifu JLa* 

(jjj £-Lu ^P" 'Cr^'j^" 4iSjJ sQ^Li^ joX.j_l-C^-ii! ^JjjajjJI j«J=-tJ! (jl 
(J*C oil! cUoJo J_a ^aJj '(j-La (j^*^- 0 4-jLo (j>-ll ^a* 4_La JL>.! ^J! C— x Jt S LXI ^"i tin 1 1 till 

. CjljILfl j *j ui£ (^1 ^a* £-Ll1 i _}LLjlU 

Lj)j (_Laiij 5^Li^ jii^I jjjj/V! t_J£JLa . jjjj/VI t_Jji!Li (j^Llj V iljut J£ 

. Cj^Lii J^=-J (_,-ij|jJjJ-tIt ^ac-JI (j-o L»aca> J^lj i LLaLi-iia-il p La c Ij 

^ jh\ i j-Lj uijjl ^ >fu JjL^ (jjUVl ^LjJ-iiJI (oJLoJ! iiLtj^ (jL^ jlsj 

^1 I il~w^/1 j^r^- p-lLtJ1 I J_& ' t^tQjl JL^£ t»l .3J I iltl « »j^"<t1 j^uSLlt p J dJ 

La^-La-fl ' a ■ aj jJLu (jUjl-^ u n i"itl LjjLa-l !il LuLi i41jjJij C^-lLlI JLsj 

(jx (j^ii^-e-i (jl (jjj I (jloi i^i ; LUjSj-jILo ' — i-J T 700 ^1 ^a. 
j_Laa ' a-LaJ (j^aiajj La JU£.j i L^-La jj^-^ 1 - 1 ^' ijr^ J^&\ SjoJtj^a JLa?-" i » I j"» .".i 
JLaJI I JJtj t i ^'^\Ja'^\ (_j-l^. L^-Lo (JjlLaJj (jj c j i ea 1 1 (jLa (ju>-o Jl>- juii i"itl 
' '^'jj ^ ^ "* J ka-^ ' fl-^Q-j Lg-i-L: (jiLal (_g jJI 3JjL«J.Li 4jJJ Jj ir-ijJI (jSLx-i 
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tl-igjuJI i_igiijJI qc 6j) AiLo 



3 1 1 nitLi 1 *j •'•■jj^ a u< jJaS ■ iu^aj t-iL ■■-»; LUja Ijlj . Schwarzschild Radius' ' 
Lul^J -^Ij-^- >L£ 24 10 x 6 Lgik£ j! <io3- ijji^lll -Sj^J. i,_p3jV! c_£jSLJ 

I la 3 ' a ' a » (jLCJ _i^_*_ui ' i 3j ^Jl (_^r>jV1 cJ^r»o 3-l~Jj "*•**' < nil Li-fib 1 

j *C ILa i ji^_i_ot ^ i 5j t ja! ^j-L^aj (j-J j^pajV! d>^J o**' <iu 1 1 ii 0 , 89 

^ j 'i\\ SLo-. * 1^1 1 a I (3^- 4 LaLa_i ' aJgjcJ t ^£LJI 3l_o* (j? pj . ^ ^j?e_lLI 

JJij mi II j i_i_L»JI ( _ ;r 3 3jLc 4jj Ij^-Sjjjj Cj^LcLoj ( _ ;r 3 J^-alu (_^J-II 

J->«J j<sJ I iLa n>j_ax. -sl-5jl I i K c£lj£ p j"!"'* 4-Se.Ia.i uj (0^*-iJI j^J-a (j- 3 j*'-^ 1 '*'" 
jl (jiijul ^j-2£ Lai '"J-^ 3 Cr 3 C"*-^ CjLaj ^LjJI jLl^jVI CjJLs- 4l^G La 

j^^JLII ^\ ^_it £_j_aj>. (^^-Lc. 3jJa_u_uJLl ijr A 4_u!iL>JI ^ ■ ' al i ( J L '"■jj^ a 

jojcJJI (_Li-lj Sji^>.jJi,l S^UI (Jjaj^j j»j-2j (_gj-!l J^sLkJI oj^jj njjjs-VI 



ft^Jt jAMri lA**rf 

icu-a_jlaj ^^^1^. (J-$-*3 (jr-^ 4_u!iL>Jl Lclj-^ (jl^ JoLfuj (J£^ ^jt La-i 

2 ^^jjj i^J ^ 2 — jlLuIu j j LAjIi ^ i a La * (#) 

, (jJLa i *\\ 300) 4_ljLjJ 1 *j_JaJI 4j^jm_u = ^jla ^jjj 

, ^ . 30- II- 
.^la ^L^ 3^1^= I0x2x 10x6.7x2 

(810 x 3) 

,30 

. Ij-1.^> 30 L^aLal^ t>Jjl ^1 ( 10x2) 

.(c^jLj ^j) ^ulii /^'j^ 10 x 6 ,7 - (^) 5 0^ 
8 

.<LuLj / jIa^xIlm 10x3 = d^ys ij^j) 
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^ i <^>l (ji Julj 4(_£j^a_i JLaj cLILlA JLsu ^Jj i LljjJlj d ^ . ^ 

.4_LlojJ1 j-t-^Lutll (_^Ja_ul I uuu ^sj?c-lI1 
( _ ;r 3 3j_o~Vl SjJa^J I ijJt «Liia-uJ! ^IjJsVl (jl n 'I "a (j-a liJLjjt (j^ijjj 
(ji J-so J-jI i ii II ' La « i a 1 1 i_3jjJi C^joj . (_ 3 -aj*_J! jjU'tl 

,j_o (jlr '"■ T~j' CjLj^pSJVLa , p La sejj (_£.sL«JI jJI i_iJ^_pJI 

L^jLj^pSLII Oujllal lii-pe-i 3j jJI cJaj-Laj|j i4jjL«JI I j"al La CiLjj" i h a 
j— 1^>. 4jjjdl Lgjl <ij i ii-v O-ijLSjj SjjJI ^lj-3 a I 3jJ iLgjIjj (j-a 

5.^1 a 1 I JLjlj i L^-H^j-jv 4_jj-j>. (j_a 1>tJ-^ ' 2 dJ L#j| «L>.j jj it_£i_u^ (3^ 3 
.4jjUJI LglIL>. ^ Oljjjl OuL£ LaJLic: 'jL*-" olSj^aj 
i 'I a hi j £ Lajii£ CjljLc (j-a »LLa£ tiJLL& (ja^J (jiiJjVI ^j-oJI OJ^-j (Jrh^J 
<^>LiJi Jl>.^j c-ujJlJI ^jLiJI ^LLaJLlI IjLA J^o^J 4jLo ijr II^>. £-Lu 

.jojc-lII (j a t'r> u 7i u 1, 1 (jjj>-j|j JLtgJI (j-a (jaSUJ (_£jj>JI 

jjJj 4_ujL>J! (jV IjJajj i(_)ia-ul LajJa ^ .' 1 J f 0 ^?-^' J^-y LaJ_t£. <j^Jj 

4_LjL^JI 2_ujL>J! (£^3 (j! JLso iS^iuaJI SjLU ^Ic: jjjj La£ jLiJ! (^lc: 

• jLLal 4j^L5 (j£. CjVL>J! iy^-i I -1 1 ■■ Jojj V 2 Sola (^ L&LjI 2 U A I , U 
i a j J 2 1 ^j_Sjl (jJaJLj (_gjJI ( _ ;r aJ*-Lll i_3^LiJI IjLA OJ^J o' (l)^-*- 1 ^ 
mi jj ' aa j 1 ^jt JL>.t ^1^**' 1 1 ij^paj^LI ^^>JI L_3^lJLll jj-* ^J- 0 cj^ri-^ 3 

4_jl 3_j>.j jj 1 * _."< jLc. Lajlj SJSLj/ 3JLs> „j| j j'a 4 3^LliSLII i> j^j jLc. 

j_i^>l_L«JI (j_a 4_uj1Ij lj^>- 4Ll2IUI a 1 ntl j»!jj>.^/! vijJi^Ej La q\ 
Sj jj^ LLa^» <V> (.null ^al i n^wVl i>J-^-J 4_o^jL>JI O i S ■ La 1 1 (Jjj L)' 3-^ i<ll_i2!tJI 
Lal_A ^LaLc Lj j I tj-S Jj-J-i (jl c-^a-J Lufcj .3_lL>.IjJ| I j alal « ^Ir 

IJlj>. ji^l (jl (j_SLa_i V 1 La it Lga-U S^LLI 3_ajLa_a ^j| ( La jj < aj ' 1 

J-l^JI jLn-i^U 4_Ljjla I JjJls. ^. 1 eaj (_LaL«JI IjL&j i^Jlilj jL^-u j<u LLlujs 

jL^jl ilij^. dil j ,j£. L&jLtj? irulj liLa iS^jLJI 5-jjI a . ..II ^tj^>.}L! SjSL^I 

t4j-LaAlXI CjIj jdl (j_a j^u^ JJLc (j-a SjjSLa ajLil (jl ^ 1 M m Vl 
SjjJIj Q «-l (j-a Lg-L^H-l (jaSij La t_ ij^l Cjljjdl iJJLA (jaSij 2 . ^ 1 1 2JL>. 
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(jl^ I jl 3jjL>J,! oljjJ! ^1 I J La « 1 a 1 SJjLca 4jI SjjJ! (>J Sj^-j-U 

. Lg^L^^ Ijjjlj 2 A.^W ^^ic JajJbuaJI 1- . j 1 .1" V IjJj 1 LpLc JaJbuall 

1 jl_3 iCjIj jJI <_2^to-Li ^ jl^ ' alliej itfjjLtjj V IjLs. 3_ajLiLa JSL! q\ julL 
SjUs-l jJI 3j jJt oljjj^SLII oJi-l jG JLsJI ! JL* SjjJI (^Ic- J^' >" 3 ax^aJI jjL^o 

lajjui/ 1 1 11 cjljjJ! (j inCi IjiSLaj i^jj-i-V! cjljjJ! o-^ 

. ^j-Sj <J-aj>. 4j9 ^^3 t ^-3 

V i(_fj^>.i 3jj <_ 3jj>- La SjjJ 4jljL1I! CjLjj|jIiSL!V! ^j~Lic3 

Cjljjd! ((jjij^) (jLa i4jjL«J! Ltj^j^s 4-uj(_pSLJV! oLcj otoII ^3^3 l * u & 

£js J-J-3 (jj-S ^-i)^ - *-^ (j -0 £ ^^* £ *-' £ ' * 'J ' * 3""~ ' " 3' 

.^Ltaj j_Ju 4jl3J-LU 4L^iiJl! oUjj^SLJVI 

2 a ■ a 1 1 3_LiL2JI jljll (^Ic 4j)L«JI jljll (<u-u! iSjt-LilaJI jolc ^ jilajj 

. L^-lLc jJaljJ! JaJLiiaJ! Jljlj Jl-i£. JjJ->J>! jl Mm VI ^1 (_Ll«j (jH-I'j 

q\ j-j-c. i jLiJ! ,j-a Lc j^j-II 5^JLu/ 2Ja^j- i n U SjLU (jSL«-i dil jdj 

( j_c \l LaJ3-<Lj| jj ,Li] ifljJtll oljUJI Loiiix 4jAj V jLiJ! (j-a ljL4i 

i_x-l£j_jJI (j_c ' a LxjtJ S^LaJJ SjjjJlII 3JL>JI ojlgJ (jl-^l jJI t_ij£_pJI 

<ZjLljJ^>J! CjIj jJ! <j-a 4^ <_P-4J V L^jT dllj .4j.>L*J! oljLii! Cr L>.!jJt 

liJLi uLa-i (jl Lo_^-4_il Ltja-j] 1 la a* ^ * jj] t. 1 se jtj . 1 JL>. j j uajeuo (JL^-a 

Jjj. L$3ljl ma ^ v^jLi^pSLlVI 4^jJ 2L«Ljjj 4jjU! 2 ■ t . ^ T t ^| 1 ,,-t.Vl 

(^jj-lSLJVI «j-><JI (jlr Lj/Lij/I 1 nil 3jUI Sjjj_a ' ^aj~" lLL) jt^-Slj-cJI 

.^>JI V 

cjljjJ! (_L>.lj 4_aj_<j/j_ll LgJljl 1 11 a cjLi^pSJV! ijjut Cj^^ 

jLill) «LlLc jjlJaj i^jJ! jLiJ! (j-a JljOjJI ^J-iJ! !j-fli i. 1 j 1 n" < _ y nJ( (j-flij 

jLiJI Ja » ''^ (j! (j-aj-^S jiLjj-ii 0 'I ta-jVI joJUJ! C^jjI 1 (^jj^SLI V I 

J Jjlaj 4^15SLII j_a jJj-S.t^jSLll.l SjLLI JaJLJa ^LlILij-^jijlSLlVI 

(Jjl j-flij '^p- t -^3j-*- a •^•^3 '»! ' '** j .' n aI_JSVI (j^-J o-°J •SjjL»]| cjljLiJ! 
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Jljl.uj i p. La-t-oJ I ^ J^>*J £-1 1 J-A j-jp* ^ 1 1 Jukj i ( 1 ) 4_u Lc_jJ 1 (^gj-t-JuJ 1 LjLua I 
Lc— Llj , (j-u-^tTaJ 1 4iT^ ' ajuJa 1 jjv cQllt^ £-Lu 5 1 *Q 4_u 4_L*_u 8 , 7 Lie 

/j-a s^jl>. (]/\_<_u_4J>. jj- 0 0 3 4_uLi_jJ1 ^j^t-tTuJI) (J^ljj^I ^j-^JI f 01 -*^ 

« <j m a uJI 4JH^ £_a i ujj _iL£Jl£ fiQiH^ Lai 4^ .i <i uJI (fl^>- 

^Liie. ' ' '^-^^-^ JUJLifu (*-;-)) 4_uLc_lI1 ♦ uJI jc^>*-)J 

q-uJu (Jjjj lii! Lai 4 La1jj>. I 5 ^Jl jjv L^jjJ (jL^-J ^j-u-a-tTaJ 1 5f j-lc_a <-_)LSj 

. (jLlLs 1 1 0 ^jJI jj>. L^jjj 4 1 Jufc ^j^j i VI ^J-S-JI 3 j La jj-* ^*_>J1 

Jj^jJ! IJ-jJJ . ^jij ^yle- L^J^tJ Jjlj 4jV liUjj 4^LLtJ1 jlJjj ^ 
j ^" ' cLLsLla I g J 3 ^-tTuJ t^-cTn-ui, 1 Ju^-lLII ^txiLaJJ ^Jj^ia d_L>.j-a ^Jl 
^jLj^Lj O-al.} 4_LbL>. SLljv JUlj Cjj_c_ij 4 LuL^j J^_lJ ^oj ^LiaAJl 4jr b JUJ_*fo 
0_aJ_IL>.1 IjI <Laj_t£. 4lu_a jcj?e_l11 Ci JL9 4LilIj <j-a ^ aS *tl (^r^J 
. . ^c-j?E_tJ 1 £ 1 j^v 1 i j l£, aj C.<_i_i_i_oj 

L^-jlc jjfrilajj Lal_4_i ^j?e_tJ1 3_)L^j (jj-t-*J 44_ljjJlI1 4jjL^t_a_iVl Sjjj-u-saJl i>J_Aj 
^ * q1 4 ij? j>.jL>Jl ^1 tJa-dJl ijr 3 O-dllaJl i _ jy ILJt S^LLl (j^-Ij • ( j-ij-Jj-tuJI) ^_i_u1 
i>J_A S^.t| 3_}Lcl ^jl ; JLjJ^>* j^-^ ^J-^ 6 ijr^ Q ^ ""**' I (J^ cy^l 
^ylJI SjUI dllii 4 er o T jSLI1 l_Aj^la_c_i 4_uj_A^/1 4_lLcX. 43_Lj_*_a 3j^?c_a 

jjj^ L^J (J-^ Jp^Jj-UU 1 LAjTuL-U 
4_UJjJ ^J_(J 1 43j Jj-J_u3 d_) L^j J 4 (j*^" Jj 1 Lo^tJeJ>i L£^ *—) LifuJ 1 j«^*_tJ 

. 4i-La-J I juu^LulII jj jj-a 4_jJLc Lj-uu ^ JpeJ 1 
(_3J_S3 ' se aj U L^J^JJ i all ^^j?e_t£ ^jjl 

jLJl!! (j-o 4jj_>J,! SjLil ' ^^1"" JIaj J_JI ( _ ;r 3 L^Jjj£j Jjlj iOj^xJuX\ 

(^yjj ^j*_Ll! (j-o Uj^>- o' J-^- 3 «Lt2-13 L-#->l£j 'f^j^?-^' O 1 ^ cr 1 -?^' 



182 



: 1 <i fa ^jLLuL^j (jLiJL>. 4_l3 j-uwj 4^_Al_r»o1 <JjL& jLu d La i ol t5> a" i n a 

I Ajj i ajj V VLaiii <_aji2j (j-Aj i _i 1 jjJlI 3_a iLa (^jt ^ylll La^jj-ij i nil 3JL*. - 

.£^flj-a ^JSLioiJJ 4l_LtilII j-t-al_L»JI (JJLjlJI 

(^yuSliaJI pt>«» (jLa i LsjjjjjjjJI jL*^Ll > LSI CjJL*j Lo j<s-£3 j»JL«J Ij-Laj 
LoJ—Lc p se Ml jj t-»"T 4_jjlj_lL3 4^t_uj Sj-uJLl 4_ua£LJI 3j-Al_LaJI aJJb pa > 
' • J' (j^J 1 uIjJLjLS) Ji^-) (j " <i i"itl 4Jt£ (j-o I , 4 ^1 4it^ J i 

^q^tc—L! 1 (i i- i 1 3 » Jaj-L^i '_■ Lo_LLc ^i-'o i LsjjjjjjjJ I jL*-ajl jL illlaJI cLilc 
4_l3 3_aLiSL!l J i -""'a (_pLiSLiVI <_ i 1 1 n \ i(i>j^j_o jl) 4i. _gir j i"itl 4l>.j_o ( _ ;r 3 
j La j ulJ (_^a_LilII 3.jLjj_±3 i(j ii n i"itl t_J-3 2_3Li£ Jilo 3j_o Q^jlo ^1 ^s. ^1 

i(4_LjLj j uig iJ3 JI ^>-) A JJ ' (1)^-4-1 ^ (J-*j Cr^ ti^-II jlgljj i» )J_>JI 

I . 3j jjl 3l _aj 3_aL£ £-o I jj'a (jjLiij i>-jJ (j-IJ J i -»" ( _ 3 i>- 3_aL£LJI jl-Sjjj 
Ij La jj . jls-^M jLj^jVI (Jjjs g| jlr (jl^ Lxjs djI^jJLl jj-u^Lo j^j-tl J-*^ 

gjl j i 1 1 SjLII (jl_3 idJJ j ,j_a (jiLiSLjVI (jic ^=E-iJI j^J-o SjJ^ j» Jj<J 

3_jLc. Jo-jL>. J'C Hi w I c 4_ajLS_*j joJajjj i^Ji-ljJI ^1 I kLa L> J'C 
1 j_o 2 al LaJI jj^tlu 4ii3LjJI SjLiil 4i>.Lall ■LaJU^aJI tfJUk (j^J 
g| \~i < \ I 4^j_«j5 ^jl_>JI L^_SjjJa JLitjj <Ljj9 I ' La ua I £ l^>-J-a J-J-uj .i_AiII 

(jiaju (j! *Ls-jjJ iLc_jj_a ^_jL>JI ^1 jLaAiVI lj-& Q^Sj (jl ,jSL<Ji,l (j-oj 

^jJLl jLa-o-iVI I J_A w flla. Ij i . 'j La-Jal Lo ( _ ;r A (<s^*-lII 3jLo <■"' i njtj 
CjVLtcjs O^tP*^' O -0 J^A^ ^ j i njULiJLa CjVL^a i 'II * j'a i^^LLaJI 

3 il -> , ,.tt ^'a <l 1^1 ^ J j , ,.jUI ;i « <l A . ^.1 »< j n *. , ,.*.a p-> Ml L^j l_3J_Sj 4 1 JL>. 
SjIlAI j A*. 1 1 jsjclII ^ISLa !^-jJj SjLaj^JI aJJt cJ^^J • 3jJl»jJLI 3-jjL«JI 

CjL>. Ij ^j-ul^l <l » Mil J-J-o 4-i ' u^Lai '* «jj 4^LLa ^1 ♦ mi! (jy^ j i**' ' iclijjLa 

S Lb j-jj^]^ i u II CjjJU>. Jjlj (_Ji_uSLII jcj?e_lJ1 ((c_tlil)> CjJL»_) ^jJI Lo 
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I^xj) (J*\ mi C^^J ' J ' " ] "' )} O^- 1 ' ^ ^ »l air ) * 

w aajcjj CjljjJI (jjjLa.5 j«j>.^lluj iSjjjjJ! CjLclj_ii!l jLg-u ti^p- ((j-'jLH3T!- 1 
C)l Lse uiJI CjLjj^Jja_j_iJI (_£a_*-u w S ■ * icLo^aJllj sLlIL-oJI C)l lsc uJI 

(4_JI i ,i II djl ; x ,~u tl oli) cijLijijJiLI'^l ^Lajjl (jj: CxjjSi ^ylll iS-taLtiU 

. (j-tljL^JI 4_ujL>Jlj Jgju^al\ i. i 1 1 > i ■> («Lp.j_tl CiI tac i"ill Cjlj) Cj LiajjijjJ I J 
3jj-II 3lj_i (JjJj 3j>a^>.j_U i4_jJj^/I CiI aj i n->JI dJJj (^^jt Cj LijijjjjJj I J 

ls LiiiJI ,j-a 2 gig '" j"J ' 1 969 j»Lc ^ diiaJI »l air . U^V jlSj 

1 4_u jjJs 4_u^/ 7000 I J^c-J 

♦ 1 m L^jI ^_Ua3lj ,jL»_alj 4jLulj Laj_*_ujJL5 iSjjfoJI cL*JLj 4jjjj1j Ci\ > >* ■ * 

j-Aj mi jl julj i LJ ^jj-^j j 1^ ' 1 1 tflj-i La^ ^jLLsj-i-oJI 

(^jjjj-lj («->>J i4_Ua_al_«JI 4_ujSL!l 4 lj*C iVitl aJJt i_Aa (^^J .jjy^ 4 » 1 iuj 
iJ3 _l^jJj^_u ^->*J (Jjl I JL& (jl^J i^J-t-^^M ^j?e_l11 (j- 0 w 2 lj La ^Jt tjL^ La_lj j-JLi-o 
Cj-JJUs- (j^J-II (l^ajjJj-i-uJI) ^tH9^*^ 4jjLCI! d j a fri jjUjj . 4a I uu^l fCu 

^jSLI! ^-bui/VI <j-a '/ 10 LJ L$j| njLUj-.J! jl<-u 

. LaU. Sji^i! m;I iSuJLtJ! SJsLkJI 

3JlILi i(2 ' ■-■■<' ■■■'!) ^1 Ii^tl j n (ill L^J ^La ^1 iTjL^ljjJI O^Kj 

3Jlj>.j 370 d j '^J^l Sj^LII J La-Lj-J (j^-JJ <^p- =LuutVI 
SjLs-j 100 ' f II I J a . (jLUj_tJI j<uJUj/ 'JrL>-^' J-^' Cr^ £ Lj-iL\!l (u>j>^) 

L^lLc JiLy (PJI) 3I ,„ I ,„ U 5f jJLl 

jJl^j 4-^1 , a Lt£. Jjljj ^IlJIj i(4_u_u_j_a jJjLlo ^JLjlJI ^aJLl^ <■ i 1 11^. 3 1 * ^jlu\ 

. fiLuajIs 4_u_o ijr J ^La_i 
4ajjt (ji^- («-><-> J 7- -i '_' I jU,- J-i^Qjl ( _ ;r L^.-i_3jjJlil J-^C (j-a Jljj 

^jJ jj>.IjJI i^lj-II q\ ^^jlj- 0 cr^- 3 '-? 0 J^*"^ (yL«J '-*-'Th 1 ' ^M>i3 J - u 

CjJljo ( _ 3 jJI 4jL^JJ| JSLZu jjjj jJaLa J-aLc J^>-JJ 4jl J-A itiiiill »l a Ir 
I , 4 (^gj-a- 1 .ill (Oj-!l liiljj 3_t$J| L^,| l 43 aJS 42±jlz JljJjo ^JJ lS-^WJ (O^? 1 -^ 
(jl (j^-a-l SjjJaJjl 4_o~l_Lll (j-a^-. (jKj 1 iiljjLjLii/ Jl>. (_gl) (j u a i"itl 4]j^ j 
ijLSLuj/Ij jjLJu JLs. (j^s J^l (O^c-iJI 4]j£ OuL^ I i Lsjjjjaoj/ jLajjl CjJLaJ 
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^yia. 3_u jL>J (JjL^J! ^LijjVI (jla ji^JI ! jut ^ dj^lj I il Lo! 

. !jL>. I Laj ■ uJ SjLU (^yi (j^SLj CjLjjjj^J! (-;r ^. =LujL>JI Sjjs j_u G (jl 

, U ^ a j . sULsLi. 4_j_iLajj/ <Ub La£ L$jljj-3 (j.3 j <i"i 1 iUJ ijojc-JI CjljljLa 
t (1 UjI ■"■•jj I a J^>>) ^J^l^cHll j UStl 1 ^ . ^. » t ^c_Lll j Ua ' ^ - ^ * £-Lu LaJ_lc 
Cj^La^l (j a-^ La mJI w I c L 'jt - (j I La ^"tl-dj'j CjLijj^il! q£*j£u 

jLigjl (j-a ^Lkj Lo Lo->j n-dlall »l <ilr (j-u ^jLcaJ! \l Vlj .Cj^LsVI 
jLi£jV! (jV 1 l^>- (j ^3 La- -La I J-><-II *Ljj_j£ 4jj_ti-i tfjjjj (_£ jJ!-(JjLo> ^ jLso 
(j-uljJsJI JLs. I jjt J->J! j^J-a oL>o! ( _ ;r 3 Jo 1 ull (_Llo jLrtlll 

I , 4 (jjs j^Lj (j 11 0 ."ill 4Jj^ (j^. Jjj-' ' ^ " ^ ' t*?-^' 'Lt£ (j I LtLUj 



Event Horizon taliAit I 

' t^tll (j! . ^j^oSLJI j1j-i_ol . . 4^jLoJ1 CjI j r i nil ^j_o ^Jj^ola JJjlI 

4_lSLLoJ1 j La 11 * Jj-^' ^> p » 1 t»l < ea all 4jr 5 (3^*-* < u 

iSLlUsU! 31jl^tl i^jIjJLuJI J>L>. VI Sj_ull SjjkLtaJI o juk^jiSLujaJj .4K(jjSLII 
(_pLaii! SjLiJ sUSLiill CjLcjjJaoil (j-a j-UaL>J! O^oJ! C<-r yr~i] L^jSLIj 

.diiill fUk qjj 

jjlcl 1 . 1798 j»Lc Pierre Laplace ,j^^LiV j-^u . ..'ij-aJI CjLlUsLjjJI 
^ 3e < ti 2 4_j_j!il_>JI 4jjJa_i ^1 JLa-"l t uLij 4«Ui_i£jJI CjLljj^>JI ^ya ^ j t u g.j .^tl 

4^L^,j^ jlijo^. JL».j lil 4jL JLStjj^ 
t_a^Lo^l . «L?e_Laj_u (j-° CiM^^I (j-* ^ J ' eaJi c?^* (l)^- 4 ^- 1 i C^4> x ~-^i £ ' 

(jl VI General Relativity (j\ " i^i ijV 4jjL«JI 3jj , ,.itl SjjJaj ,j£. (j^^LiV «.ljT 
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4-3-1 i n a i J^ujVI < Jagl 1 (jLi tillaJI ^LaJLtJ JLlJj . 1 uu a ^jLlill 

j<s^*_>JI Jj^ J < V J)lj_U e'j-i, (jSLIj . I i <i j q ,j-a £>=tj (ji CjLj-jII ,j-o 

3jl j '1 1 j>l j-al! <Lu jL*nJI Sjill (jl ^ *>>\ jJI (j-o 4i«Jj . jijjj/^M i_jL2UI Ji-lj> 
^jJLc LaiL^i jjJj (jla i_c2il! 2LaL>. Event Horizon ilijijJt 

.^JS^jjjV! ' lSUJI ^c^ej^ ^3 jcSL^lu (_£Jl!l La (jjl . _}j_t_u^/1 ' i aj 1 1 jc^ej>. 
jjjijJj nijjL>JI 3j)Ltl £ L»-<i^ (jr^ * >lJI - L *^ JSjj-u af I ' . • 3Hl I (O^s- (jl 
(_L3jlII (jlr t_4ju^ill (jjs 4ji l-Sj-ulj LcJbj . Jiljll dJJt 4 I i ulS (_g jJI ^*->JI (jlr 
I ijlr ij_aVI I JLA 4 Mi^Lla ( _ ;r 3 j n"i i ii ) (_;^-Ij 4 flj^aJI ojut (Jj-Sjj (jl (_gj uioJI 
i_c2lll Ji-I-S (j-IJ 3_ujjilIII SjiUI (J^JlJ ^tA*^ tHj i"i til I il : I ' ■ nAj! Jl i n't (j! 
j LaJLlI ' a-i -■» ' (j£. JUjj cj-^ 5 " ' . ' ^ ^-i^ Cj ^~ " ' lS 1 -^' cJsjJI (^Li (jJI i Jijj-uVI 
ijr ILa (j^-Ij i4_]LiU LjJLLa_La JJLu (Jlj i till IjLA S ( jJLl Ltfu J J LcjIo (jr^^-*-^ 
.^Ijj^J-oJI * 1J Sill I ^£ JjL-ojl (JjjL_oVI JJL (^LaJLl I (jL^ 

. (jjSLjj jc-aj i _}j_i_uV1 ' t-SoJI cUlj-lLs (j^, j-i^l <- I ~' J r ill ^ Laj i « (ji (Jj3j 

j_a cjJljJI (3^1 (jl .iiju>JI (3^1 : jj^Vl <_^_U1 *l3^.l Jjl lLJL*-^ 

(j-o- JL>JI I Jut ,j£. ^jjej (jl e-t_y-£j (_£^ <j^-«f iJ)jjj/VI L-iSlJI JijJLs. 
jl (_5-II <-l!j^tlj (ji »j i^ill (jrnjl (jSLd^ i)jL>JI ,3^1 ty-jjuall 

I jJU^a (jK UKj . Jj^/Vl c_^a_U1 Ji-lj (^Jl 
Lai . J)jjj/Vl t_ull!l (3*C (^1 t_ll JLsoVI ^ JLC (^ 4jL)jj^3 4j^5jj3 ^-^'j 1 <K 
(j I c I (_jj| ijdj^t-Lj (jj n_k3j"n i a -j usS\ iiLujI (jLa iijL>JI ^^l 

. J)jjj/^/I ' . ■ fl!tll j^j-a (^l ■ La j j_* ji ' r I LtaAl I ^1 I JLulj 
w I C ^Lxg3J3 4_Llqj_u) (_5J)La p i h-kJ d i i n itLl ^jl-^l ' d 3 1 J U I *JJ ' 
4uuda '• (jl lLLJ j ' JJ ' g^J (J^ (jx. I JLljuj l-^^J-^ (jj^J ' " J-a^l (jLs i((JL\tl (J-u < o 
L^_aL^_UI ^JlC (JLa_L>.l (jLs (j-*J ' rj ' ^ M <Lcju_o I j**'^J ' ^-^P (j-^ -* I LcaAll 
<Lj-a.| j_j (_gjJI (JLa-LvVI (j_a Ij-j-i^ J^l I «Ja3 jjfc i J)jjj/^/I i II ^ ta i jj 
w "j-^j i_3^1_l>.I I i eaj| jj i aj I lj . il JLr»JI ,_j3l <j-° 5^1 ' "U duL^ I i j a i^jjiaJI 

jj>.Ij 4 1 Jl>. SjLjju 4_3Lt_u_a ( j_a J)^j_u^l ( lSoJI t ^Ij- 1 La_AjL>. t i (ji t aa 3e j-Iia-i 

Lij_wZ Lu i"i dka-jVLj (jj j_ii.^l IjUfcj . j^jJ.1 J^-*-i LtSJLLa dJi-lj) ( _ ;r 3 ■ La S i lu 
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tl_.gju_JI i_igiijJI qc 6-o___o 



J it'i i ii U (_p_lj___VI £_o) i_jJ_>JI lj_oe_o ■ La j j j J-Aj i 4 -! CjJjcJ 

c- j ' ga 1 1 (J_iLl__ (_)--3e gill IjL— • ^-L_ ^Jj . Lt Lx£.lj Lp* _]^.; i 

(j^s (0-c.jJLi i(5_uHI! j_U i__Jl 300) ojp-jJ __.j_*JI _j_if 

L__lj LuL_ g j ' ga II _£j-u_u ^-J-*- 1 2>l < l_-JI t ^_lj-i -I _J^"*" ,".tl ^jl 

._i]j_s_la j-ii: 

J i -«j ■ ■■ 4j_3 i_j__i^/I <_ctuJ I Jj i c ■ La j j j (_gjJ! (j)--3-_-ll 4 i__lLHj Lai 
(<s^*->- «**' +J~ I J J O-Sj 3_Lc jj_J-_JJ_*-a j^J-tl (jrll 

i _3__iVl t__2_JI Ji-lj ^^-^ i_JI (jLa ij-aVl jJat j . _j-_iVl <____ll 

(jSLtj . j_sj_U __JI _L__j _)! (_Ll3 5JjL^J! 4_ujL>JI ijyj-k a 3^^ f>"j ' " 

oLo-j-uua. (jl J-Aj iL_lj___ oLjjjJs _J__!I j-L_JI Ijull (j-a j_<jb lj-_> 
_jJ_x_o JJ-y C_]-J ___t i>j_sj_o __JI J i ■■ _j__iVI ' . i Soil (Ji-I_ JaJL ■ ■" 

. Finite 

4 J_j_a__ £ya _3__u^M < -fli-tl JL__j_i -I (_>--3e uJI _)L_ iljL— • ^-^J-^^J 

i(jO__i_LiV 4_oL*J1 d j 1 1 ii ftl ^jjJ-u _j( t___i___i . L-Jli-jq <£j~ ' " 

g.^ mi I d i i ii i tl_i L__ulj i3j-u^ c__j_u_) i_Jj_x__ 3_Lt. d 1 1 n it L) l_Lal_Qj (j_ajJ1 

(jLa i ( _ ;r _*.jL_>JI i_i_a!jJi! j-L__ j <j-"-^ Ij-SLaj . 3_uji__ 4_u_L>J (j_3j__u 

4_JL>. (j-a t— !j--il I •> K i_j__iVl L-i-ul I __JI £ I^*JJ _jj-!l uJI 

vIiJljJI (j-31 (jJI ^^ie-iJI J^aJ (^^3. i^^jLiJ! JL^IjU 3jinitLi i^oj-II 

^_Laj d ^ys t_£L3 Ji^ i_Lu L^J 1 q^sc-ujI 1 ' ■ ^ ^3 4 LalLa_a tfj Lljt_i 

JjJUs-) CjJ_>JI ,j-o jjj^aj c-jjJs ijijij (j-o (^yjj-jLiJI i_<^ljj.l ^SLjjjj 

iLujbclII c-lj^uJI ^vljVI SjjtLLaj 0 1 iij La <_u 1 .._> liilij ^Jjjj/VI i_ti!UI 

. Gravitational Red Shift 

• a_tla.ll Sj-a-fc _JL__jl i4^_L*_JI c.lj_«_>JI 4_-lj'_ , l 3j__L__ ; i J____bj 
LjJLiLo -J ■ ea II jJ___i_o t_!j_L_l I g I 's' 1 ^ h_jL>.j_,I Jl^ial tfL>«jl 

3j__s__i _l_j "1 1 11 Cj_l_»JI _3-3l i(«.j__aJI > U I , ,, 1 Ij __!j_^J| ,",tl 
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ir^JI jiicj .^^jljJI i_^!jJ.I i>!jj (_g jJI uiVI Jiij < uj 4^JjVI 

oL>o!) «.!j_o->J! <LsJjV! dol jjl I <iK sGLa j^i-I (.5-">-*j . » uij 
jjeJ JajL^J! j ^4. All , U I , „ 1 1 r j.^t| ^LuSil Jja LiK q^JJ! 

' j^j-o ijr JI (J_t-£i_u_u 4jLi ^Jj ^ . ..a 4i_LajL$J1 ^j^ - "" uJI j-ka-i ^ 

^jjj 4j! ^yg. Ju 1 n'q ^^jLiJI c-Jslj-al! 3 j 1 .1 itLi La! OJaj cJsj JjjjiVI 

^ I r I n fr^L£ : J I j 1 nl I I jut (jlr 4j L>- V I ^Jja- ^ 0 JJ ' '■ J*l ' Lufcj 

ijr Lc ^ ' aie uJl jj-* ^L£-3 • r* 1 L^aAJl jl (j_«jJLs J) 1 »**m 3 *(jr*-" ^Li-A 

L-i-llL! 3-J-JJ-II J^c- ->JJU>J! dJJt-vl)JU>JI I JUX: 4j| i(jVI LJ i ajj 

SjjJiill i_ 1 1 .i-w-Sj^U.! ^1 i ,i-vVI q\ ti^p-J . Jjjj/VI e-JilJI (Ja.1 wl j"tVI jj'^-" 
LlLjjJa j j"h_i i)JL>JI ,3^1 (j^ iSJjL^JI i ii tl tfjuk ^1 J i aj (jj-3jj i nitl 

fj (j^r i hj t n (Jj i(_£jj>. I 3j-a J^jlj jj-^ p ' n~»JI LaI Jju d La S * iSj^X. ^L) 

. Jjjj/VI (Ji-lj 

^ai , , i o i jitlj =Cujij jjo^. (jl ^1 L^IjJj (j^s o^-y 6-^ 
Spacetime Idea £L&ll$ ^* jll 5 jii 

i(jLSH!j (j_ojJI 3j£Laj i4xL«J! ^ j j i n ill SjjJaj {jQ ui (jl »" t ill Ji2J 

i((jjijJ!j ^LijjVlj (jlajjiJIj (JjJaJI) SjljjVI jL*jV! JoLujLi 
(jlj JaLujVI IjUfcj .CjJL>JI JjjLajJ iiljo-lj 4_ul£_o CjLuljo-l 4j^Lj 

J_»_l^ *j I ■ J C I (j^Lo-l (j-aj-ILa ,(j^£LI1 d *j lLs ji J^t (^jjj-ua i(jl£Hlj (j_ajJI 

3Jj>LiLll jLljVI ^jLc Loj^c: (jjsj-II (jj^f o' ^ (<HJ 'f b 
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Curvature (jlSLUj (j-oj-I! uJl>j 4_oLJI 3 jj . ..ill 4jjJiiII LUajl LSjijoj 

w I jLU ^J*_i-tl <_a!j^c_i! njlSLUj (j-ojJI t_ijL>o jjLu (_£Jl>.Ij 

. u .I g 1*1 It (-;r l^JI i— i tl cjjjls. «IJjI 4jj/LjS (j^Lx-i (_gjJlj (j .I a 4aL>. 

Jlj>.) pi a **' II j la 2 tl ' a ' a * iJ3 _3 ^jLSLUj ' )Jl_>*j j .'**'* 

i-sIj-LsLj -il-ij-i ' *T**» tl Ij-A (j^-tj • I^JJi^t-a Ojj-u^I L-cZull ( JiLLJujjLL"/ 
( _ ;r ltl 3jUI (jt ^j-ulj I j-Aj i Singularity Jjj^I t_Ji2tl j^j-o <j-o Lbpjal I 
L-oj^sjj . j^j-tl ^ L* I j'/al'.C ■> , . jj| ^Jl (j ii j^~J i-La-Li^a S CjjL^jl 

jj-ajJI I g-ta ■ La I" 3tJ tLalaJLa cULi Jijjj/VI i_cSll I j^J-« 3-oL«JI d j i mill SjjJaj 
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Black Holes i£ilt (■M«J! C jrf jjaJ'$ 

Tides 

^^Ic jLjJI <Lu jLsJI jjjLj jjxjtll (jf I nlf i .SjxuVl 
(Ji.! J Jo i all =L«^a i4-2jLc I (^Ljj-ia ^aJLc 

"i? . ' _i ah II Jj -i c Cjjl>JI (3^5 

(j-o ' . i 5x11 (jJI t-Jj^sl t jLjj'C" < ii 4-usjja (jl 4x3 i £J mi 

(_y!ul sLLjL^JI 4_<_oL>JI Sjja q^'C" i » I ■ ajlj i<l*-u\j 

. «Ixj/Ij t_)JL>«j (_yjJI lLUj (jja jx^l 4xaJL3 t_j J_»o 

jjj->JIj JlLLi ^ o i n l La ^-A (^G ^iLJI (jjjjillj 

I Jl^J .Tidal Gravitational Force (^-oLjcxII 

3j_u£ JjjL>. ^yll LJala i nU ^sJUJI JJjixuj/ (jj><ill 
IjLo .ijxu^l ' . i axil (^yi Jo^x^JI ( _ ;r 3 ji-Lj f<U lljL>- 

jl>. G dll j «L£iij . j^jJ,! Lti jlLoj cjjoJI Jj^Li 

j ♦ ' ^"J d o i n~w J^se i im^ jlr 4_axbJLi » )JL>JI (_£ ^9 

4jIj j CjLijjxSLl^M ■ LaJxseJJ i4jIj 4jLxjjj>. (JiexJ 
j_uSLj dlli Jx3 i ii U Cjj g j i ii ^xtaJI JJ . L$xJ_$-iL> 
. dllj diii n_) Laj sU^Io JJlX-i *Ij^>- 

(<sJL«JI I (j-j/^Lj Jj^" J-aL«JI o>^i9 
jJ^jJIj jJLl i_£jJa l_LoL£ njr; < m U ^Lj-iiJI 
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tl^gjuJI i—igiLillg 09SJI 



. J>j_<-uVl i_JLiJI j^j-o (j-o mJjLjlJI p i naJI c-jp^l I <iK -lljijj (jrjJI i3Jjl_gJI 
^ „ 0 ".tlj j -i all j j"' 1 " 1 .' i4jjl3jVI Sj^Jt ^ta i ■■ <J53^ 3^jj_«_o jj-^'j JLt,l 3j_&LLij 
j mJ| V . jLg-iVlj C)l Uj-»J,lj jLxjJI (^yi^. i(_p3jVl (jljj-5j 

<_i-SfLl I (j_a t_!j_2JLi Lol . 4_<JLc 3_jL«U 1 a-jJt-L^a L&j_uG (jl jl (jLjij'^l 

CjIjLjLJI 4_J! t_)JLj*_LJ I <i ij i'q . cQjj/IjJj 4Hi3lj_a I J 3jj La jj£. MjjJIj 

3 < Mil) 3 j i j i nil 3 < uiVI Jila 3_lILc 3Jal_L j j ^1 < uij I ^ '«~ jJj^s i L#jjIjj>. 

(j-SLJj iJij_<j/^/I L-i aliJI (jLS_a 3_3jj>_a L^JaLfljJI (jyjJa (j£. (jSLx-i (_^<JI (u-u^l 
Li j d j i j i n 1 1 d * ui 2I jjLl^o Ci i int 4j| t Lul ui> ijr 3 JL>. l_j (j I c_t^t_i 

. ^1 J^-i-O 

,3^! (jl .i_u^c J *C i" i ; lLLuj Jjjj/^I i_Jjl!l 
(jjjtj i Jlj^s/I ^Jl mJ-SLo s^-j/ mJ| <Lja 3>»j l£^II J^4^' JaaJI 4-lLj MjjJI 
J_«JL«_jj iMjjj_SD! J< ui II JLiejJ djJLsJI (J^tj •Cr^J^' («JL«JI (^Jl 3j^C 
I j_A j La-Sj I iJi-La-1 J_l^L1JLij . Jijjj/VI i _cSj 1 1 4jj^ (jr^- A J ^ a ' a taj 

' d ' a * ^ o i fj-ij LcaJI J^j_u^/I ' i 1 1 f^>* i- i i nLuj 4 1 JL>. j-JLt-o 
(JSLI iCjIjUa 3 ^l^s* J-Luj ( jJjLJi/jjLiLi JLs.) Liiajl CjJLr»JI I j-taS 

0 ,1 n Mill 3±^ Jllal 10 jJLu J^^o lil mJI .(jn^Mill 3±^ Jla 3±^ 

( 1 0 X ^ 3) j~ua 30 ojja^ ' aj.aJ tjj^J CjJL>JI (jLa 1 Jjjj/I t_Ju ^1 

1 "-^tl «LUaiJI ^ mJjj jl£j V 3 La-j 1 ■;tl 4j.I 1 nU tfjL&j 
^j^l^" Jutl i"h i n'q . Q^Sjy Jijjj/^/I ' . ■ 31HI Lo (_ytiie-ui mjIjj CjJLs. I jlj 

«L>.ljVI ( _ ;r 3 C^?-^' Cy J-jL»^aJI »J t^aJI IJljj 1 1 Jl>. i Cj^j (<s^*-iJI 

(j^SLjj nijj_>JI 3-^' o-° liil i t—ijUal I n K dll ij_«j>.^/I QyUI 
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^9JUlAJI UJLOjJI 



JJl-UJ . J_l»_i jj- 0 Juuoij 1 g ■ 3 * 0^>- ' ^ .JJJ .^»**<tl t ^PojjlJ L^jL£j J JlJJ 
,CjJ_>J1 Jj^l ^1 (J-t-aj -iL^J LaJ-t^. Lal_4-i J-4->»J JL3 ^yalSHJI ,ji 

. (^jj>.jL>J1 fil LaaAjl ^jJI a ^jJaJl (j_a L)3^5^ J-^* ' fl?" c *_^ (J-*- 4 !/- 1 L^ 1 -^^ dt^oJI 
jq_>»j (j_a ^ * t^J-Il j-o*^M (jojo^JI (ji i4IuJL>J1 fiLjSlliJ! d)L_o!jjJ! ^-Usojj 
(j-a 4jLU JL>.!j JjLj LLaj 3j 1 '(J " * '"'^ e Uji JLlal I 0 4jJt£ 
^ ■ 4 ) 1 i\ u<J(jl ^ J ^ a ' a i a * jLljtj (jl Jjlj lLLJ i3jL>.1 ^11 4_uLiJ1 

^1^, JjlLaj 1 J-$Jj . ^ ' a LSj jL^tljj-a (_£l cLcl * mi! ^ JjiJ-(jaJL11 _ia_*-ui ^qj?e_lI1 

.SjLaj^jJJ ^ajse-LlI Iftl.a^-uiJI * «j aj 1 1 

' JLtll !_}ajL>. jJil-^-i cjjl>J! J^sl ^lSjLj-oJ! 1 u Mi^LLa (j_a ^ > » 1ji£Laj 

(j_a J 1 ' ^ " ^ lilL- LJv liJl f its u!)Jlj^_i s-^-Zu (_£l (j-£La_l L JJ-ujVI 

( _ ;T i>. (j-ajJ! j ta jj CjJLr»J! (jjil (j-a LbjU^I I nKj . j ■ V» 1 1 CjLjjj^3 4jI 

OJLfli CjJiJIjjI La ! jl I JjI c_j L-lJI jLjjo (jj i_d_i£LJj idiajLfli ^c-i LaJLflj j flJej i ■■ 

SjijIjJI j IjTl^-li-Li-u 37 , 5 SULil! j Ij^La-u-Li-c/ 75 LdlSJux^ 5_uL\I! S^IajJla 

Caj i ify I 1 J a 4bL-u-a ' jl "isL^a i-dt-LA La ^ J J^J ' "J • ■ lj" 1j" '< i " I 8 , 75 

i . «j~ 2j i ■■ dJUSLIj it_il_J! jLii>.! ( _ ;r 3 lilajLA (jjJL^o (jj dill (_gl . t—iLxIl (jlJJ '^-'rh 1 

. 3 (J^ ^_a < la ^ a 4_La 

lil OjJl>. ^Li Jl^L cbt till jj n . .i'^ iJi^j-u^l t-x^iiJ J1)Jl>J1 (3^1 
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.(^.jUJ! J_t-£s!jJ! J-ks-i d (j-* Lal_4-l lj_aj*_« 

(_gljJ! (jiiaLuj ijJajl! Ijut (j-ajJI i_kajj 3j£La (jl ca> i !jl>- Luj-^ 

£*»if 3*1 tfj; £^ui j»m Uamc 

j^j-o jjjJ-cJ (jl c_<j*j I ^ l£ tj i^jLjJI ^1 4ii-!j (j-a t_!j-gJ (jl *— iljLjit 

(JSL<I/ iijir»J! rj'^M (jl I ' '^j-^ j-^j • -Sj-^VI i . ■ Sflll 

. (Wave Front 4j>- jJLl 3-a jJLa) j<u-ul I gji*: (jjllaj > I j jjj/ lLs S j I j U , „ gj j jj , a 

^_*_u^ILj »l Jij mi Tl fiLlaJL-LlI (jl Jlj>o i J^_i_oV! < .^"'Tl jj^o J-^^ t ^ JLJ 
<■ u-uU L^jtxla J jj-u^M ' Jig! i dujUBl 1 a K (jJ*-Jj 5 < all £ a Lcali 

lii Jl>J! (_j-1I « j ' iaJI J[ji- j jjlx-^jj . LgJ (_p3jjLu (_^i!t 315 L$]! 4-u jL>J! 

I i I 'r-IJ-3 jj S JJJJ/Vl ' _l S 11 j^J-« (jy^ -J^J- I-* '.(J*l ' il" I (jl (j^M LtJ 

<_ . (Ji-b (jJI nlijL>J! (3^1 jLp^' W <j^-°' ^ «LUi3 3 uA i .i ui!LL& j! 

. j^j-ll ^\ !>Lt3 Jj^aj jl J^lS i Lal_«j (jjaj-uJ L^j I (_,J3- 
J j < i"i ~t (j-i^. (J-«-»J (jLi i4ljL^JI £LujL>JI oJLA f'j'-^ SjUaxjiJ (j£Lx-ij 
i^Lc^jJil 4_jjJil CjIjLljJI j_ljG (j^s t_!^)^il SJjLa^s ( _ ;r 3 L^j^cjs ^cjjIjj^j 
SjJLiJ ^ ^IL>JL I I *j (J^>* (j I l^j mi (Jjt-aj (j I ^t^". , ^jj I ^ 'X tj 

4_al_«JI d jj i ii ill 4jjJii!l LJ j»JL2jj .4_uli]l (jjs Uj^>- ^ ilJLs. 5j j i a 3 

mJ j-><-i (jH^' ^ fllaJLl I dJJj i Jijjj/^/I ' . ■ flflll j^j-o (jfl J^>- JJ L«-C Sj£^3 t(j-G mi 

• jjic ^ a J i aj V La j_al^IiJI (j^s 
j«i •> -»JI ^JljLLj tixj^>. i jj_«-u^/I (_i aj-ll 3jLo (J£ jo^ljlu j^jJLl I JLA (j^S 
V jj^>Jlj J-U CjIjLuj toljjcx^a julC 4~&\~& (jjSjj i^a^aU Ljjl i u a ^ .' 1 
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igjulJI 1-injJI 



id u! ULU 

Jj^t t-» i I (J^SLJI (Jj)J-*_a i JJOJ-U^/I 

4j3aJ- i ii U SjLU £_oj (jl^ l_j T i<Cbjjfc J^iij Jijjj/^/I ' ■ ■ JaJL uj La (J£j 

CjLujj>. (j-a 3_}LU (j I tii-O* iS^La 4_]t J^SL^-l V ' Jul! (^7-0^ 

cjLaLtaJI cjL>-jII ajjt jV . cjLsLU jl cjLj-jjj i_dLLa> V ^"r^j iS^UI 

(jfl Ji^j- V till j i4_Llkji CjVL*-aj j_Lal ^jlj Cjj_uI I jl iS jLU (j-a 

.(JjLaJI ■ " 1 0 LaJlj jj£L*_aJ1 t_^aj-u Jau-uVI ' l2HJI J) Q c 
I jk**- I j « 3jj Jl3 i»L es^ 4-u 17 1 n 4j1 iljajjjl t-jjjtLjl ujjLto IjlSL&j 

fi " "j "' (j-' ^- J ^ '(j^ ttajall j-«JJI lj-fl> (j-a L$->lj^l j!j IjLfl 1 LjJLg i_jj_2JLi 
J « aj 4l5La> 4^.j_<jij 4li-l J j~ ■ (Jj i(i)JL>J! (3^0 Jj-"-" Vl ' . 1 ""H ^e-La 1 u-l 
SjLU Jj-se 1 11" (j-Ij • -3a-<-uVI ' . 1 Soil j^j-a ( _ ;r 3 sLuL^j^U! 4-ujL>JI jjp-J J-a 
w ali-Jcj m Jj 1 I J L> I 3 »l 1 a ajl jljjj i>LUai!l d ijii 1 nl SjjSHI 

^aj ''"'**' ^"j CaASc 1 ^jy^Il S^mJa . j-al LlA Cj JLa- j i nj . 4_uL\I1 jj- 0 ^jp* 

(j^Laj V JLj. (jJJ cJ*Liaj JL3 S^UI jl ^] 1 L^jjLxj 3j^>-jjs ^,43 dili 

. Lgl2j (J^J 5j^0J>* ^-a L^ji VI 4_uj-a 

aj a i Tl SLo-. j^jGj Lj^,^ i ntl » »j ^"1 1 1 Lti_jJ_r»o i^yjS j a" 1 n ^ jl <J^3 

^jJI jLiJI p a a J rft-Se-lJI J^_j_a pi t^*-t J_La : L^Jj-a (_y^>* Lfl»JLlj_a J_La 

O^jJI j uaJa I a K 3_LlSLI! Ojlj}! I nKj .<lla JiiVl j-i^sLulI! ,j-a 3Un,^ 

3j_<i 1. 1 1 1 hi cLiSLaj mJjSLII j-fj^ jojcJJLs i^j^/l (<s^*-iJI 41>.jjs ^La-iV j»j^LII 

(Jj_a sQlli^ c-JLLaHjj . Li ■ 1 u * j J ' i>^^i_j_a jl_r»ol icQjj jL>. (JL*_a 

CjLlLijlJI (Jl miI Jlj (^^o* (jIiLa£L)V1 JL) (j-a ^Lc (jo-tla 50 (^J! (j-*ia. 



AJI 



197 



lIsIj-j: j i"i < \ q ii <i ."ill (j-o 4Jt£ J-^' f*-? 0 ^-'rh 1 4jj!j_>JI 4jjjjJ! 

4jJt£ ^AjU (_g jJ! ^a-Ll! Lai . sQiajJI Sjii! tfJUk ' Lcaj 4l>.j_U (j-aAj ^Ja Sj 
, «Lu_o tj^^ ' a • a ) ' a * Ll«j ' ' ^ J *tj " ^ uJI cLLi£ 0 , 2 

l_AJ_t£.j i4jjILa «L>.j_} ^j^-tLa ' d i a * ^Jl «LtL>.1 jjl 4jj1jj>. *^>-j-i (j^S^jj (j^-*-* 
Sj!j_>J! 4^>-j-5 Jj-aj LaJ_c£.j . (_gj|jjJ! ^LaJijVLi ^jjl iti ^jJI (ju>.j|j JLi^JI J^cjj 
j»j-j_LgJ! (Ji-JlJ i4jaio £ ^J- S 03t!-'- 0 l^-iL«j ^1 ^1 (O^c-tJI (J^-l-i (jrS 

3_JL«J! Sjlj^sJ! ■^•''^ sua J-iLtij i^jJ! eJajJ! (jjL (<u .Jiiif ijj^s-l 

1 ?j-LaJI ^ uu g I L^aAJl ijr 3 cLol»_a 4_lL^ ^sj?e-tJ1 ^_u-ajj 1^ 1 h^mjJI ^_jLnJ1 «lL>.j-a 
O-SjJsj (_L£ 1 <H j*< , ,.l jjs OJ-S^-J f^? - * L$3-iLo LtJj^J 
^JLc ,;Laj^>L! 4_tIaL] 4-j^L^ SjIj^sj ■ tal aja. VI ^-jlalS 1 (jJ jj-oj '(.SjlJ-JI 
iSj-jJtj-a ^qj?e_lI! l-^lj 'L^L)-^' ^J-* LV' ^ * I 4_o*jL>J1 4jI 2 tia 

dUjj 'J-^l gj^alSHJI jj-* d uidJ ^^^^^t-i (ji £jlaj_*_uj C^-j-U ^1 i n*»JI ! JJb ^jLs 
L^aAse )l (jy^>* ^j-jjLj^ o**i i uj i i3j!j->J! ^j-u V 1 JLA (J^LsciVI dajtxla 

.(ttailJ! 3j!^ 

>-S-fl-j J^La-iVI JaJi ' V» nj^jua ^>>- '^s- ^>C- 5Jj^ ^-i-slj I Lai 

^j%_(J1 c\_LlSLi Jal_^>.V1 ^ilaj ' * V I j£L&^ ^Lo3 <■ u-uU cUojuLa 
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* "< 1 1 jLa_jV 4-j-alaJU (Jj-^l J-^' o' 

*l «lf (_JjL2j 4j J< Ir^ll l (j^Ij .(JJL*-t 

(jjJlaIilj liiiill »l air (jj 5 I j'al iSuS) j&Ij (j ' ^J^' a 
iLgJ^s- I ^ j'a s I \j , ,.11 1 . .j^",tl L^iijLjo jLi^M (jlr 
* iLJljJI _}^>^a-] VLalo*! t_dl_L& jj,Li (j^oJ^Jij jcj (j-sj 

(fljjjjJI t_jj2iiJI (j-c ^-j-ij (_yjJI j^^' L*i 

L^io <_jpij Lo J£ ^LgjJI ( _ ;r l£. 4jjjJlII L^jjJLS (j-d^ 
. LgJo^- \j\ J-o L4J JLajj-CjIjJkl (j^J^-OJ L*jjSj 

mi (J^>. jj^j Loju^. ^oj?e_lJ1 ^* i tjLs idUL>J! 

i_<JLj (j-IiJ! <_J-Cl_3 iSJsjU tfj-u^-i (j^-O-i Lo 

JLtJ LaJO JU^3J_1 (j I (jSLoj I fTJ^ • J-"-" ' 

4jl_i <_2jj<-ij i(4_uajiil! Cj! j i 1 nil i_sVT Lo-ij) [jj 36 1 " 
J^'j C - ^ ^Li-* ^tr^J -0 J-J^ ^ tl^ 5 " 
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Ji^t-i (j! 1 nlf < rnU jJ ^ nauJ e^-i 

LaU- 

»lj a -»J1 Cod d » i"iVlj s,j-JaJI 4j<jilj ' nalxll (J53^J m 1 nil 4jljI/V|j 

tiili jJLl (ju<-a (jaJ £-<iJ Jjsl (jl (jr^- (J 1 -^ Cr^'-5 i^liiejj 

iIjL^l-J! u loJa ? (^Jl) JjjjV! US-LM <j-^ O^^y ' ^ilaJ I (^3 s jjiaJ! (jaJ (jl 
(.ill n_i «lj>aj-aJ! ■ taj Laj>J I aJJt, Jl>.jjj . ((ji^jJI w 1 J-o^-^l ij^'j 

£J3^_a jJlj_i3 g-j Ja-H ' aXa 1 i L_JLft_T 1 ^e-LlI O i S Ja «Lt-aL>. djl^jla (jl 

JLCJui (Jjlalu S»l Jij i .ill SjlajJ I o jut d jlr LJjG jl (jSLxj (_g jJI La (jSJj 

i sjjiaJI I JLA ^i"i i ^jsc-lII (j^a (_^i i_3j-*_] ji (jSLxJ i nil i Lsj LajJI i>J_A 

.Luminosity sLjLjlJ. SjlJuj «L«jcj5.j (o^till ^j'j^ 5 " ^•J- 5 (jSLaj I ''".''J 

^Ji (j^J ifiLi-tis (JSwUO ^J_>U (jyuJI (j I im^jJI (J_aL*J! ^Jt ^j5c-lJ1 3j1jj>. «L>.jJL3 

. Spectrum Sequence w AjUtl jjLdJI ^ n i nj aLtaj (^ ^jjaJJI t_4jjjj (<u Jiii 
ilLLLoJI p I r (jjs «Li£. (jif- V Lc>3 w AjUtl Jji^tlll pie ^ j i ^ j j 

JtSj .jjidl (jjC 4!uJL>J! oLjjJiill Ij-A CjLal uuSl (jlr O-Uj J^j 

OB AFG :4jJLlJI 2ulu>LII i^jj^JLi-LLuj ,3^/ I ^<-2,^,U\\ ^l^i>LI jjij 
JljJLso (j£L«J i^jjclI! (jjs 4j-aL>. 4_uj_o (J^ * 3 * " *— '^J^~ (J^J K M N 

i3j^icjj/ j»^5c_lJ! j^I (jr^- 0 Jj^l '-^J- 3 '^' U^H j' " ^^J^* 1 (j-° '-d^-J- 1 

.BjIjj. (»>5!i-iJ! Jal (jJI j j ui^a N <_3j^>Jt La! 

♦ i"it1 jQ->*J (J^a) A 4_LJj-a (j^ j^*-tl I JL>»J *(44) fCJ9j (JS> mi (^j^J 

4_jJLc p *r Ml 3j1ju>. cL>.jj jV t^lji^ inll i Lsj la >i 1 1 4_t^ w dltJeJ i(4_uLa_jJ1 
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(jj ii n i"itl (Ji-o) G 4_uj_a ' a-ilaJI (jl J-><J '(44) i"itl (^ I i eaj Tj . ljL»- 

jj^a dJLsejj ^1 P |jj_ui]| S^kiJI jlj 
. . (j ii o i"i II (_p_a L#jjIj^>. J j» J-><-' (jr^ * jLc JL>- (_^jJI ^ JJ i ntL^ ^->lj^ 

<4j>.j.} (j_^a ^-^1 I q c L_Ll ' a_ui£Lj jl (j£La_i ^ j T- III ' a^lsa ^J-lLso (j^-Jj 
(^ jJI JLr«JI ^1 w AjUll jJjlseoJI jcJLc ^ J_23 i3j_o-VI CjI j i i .ill w . 3jlj_r«JI 
.^bLU jl JuLaj 1 tiaJ I ^?e_J1 ^^>- j-jJl^j i«Lo1 JL^tlu-uLi (j^-«' 

(jL»_L c ^>*j-} -iJLsc) jl Vjl 1 ulf ,Sc^L>. ^>*J -ij^*-^ ^1 -^J- 1 -"^ ' . ' J-^ f*T 
<j_o ^-J?e_L3 4<LjL»_L J_a Liajt ^u?e-(-!1 3j1jj>. jV i (^-a-o L*J 1 JjjjSjJ! ! JLA 

J_*fo I G «Luj-a <j_<o jQ->*-S J i 3j_o 4j Lo G 4_uj-a j«->*J Li L*J. J-*i I A <Luj-a 

j>^>.j-a 

(jl j-iluLtXI J_t-£5jJLl Lu SL qJ (jr^* 4jsL_u_a LLuJ Lul '■^P* 

i^jjj^j-It I j^J ^ , t— > T 1 (JjJLxjJI J-*l«-i (jl t-jjaj ^<u (j-oj '"Aj^J <j-° 

.jjjjj 4a.ljl ^1 JL^-**< i nl JjjjJa (j^. (_^Ja_aLiJI t a-ujSLl] 

Doppler Shift jh§i 4*1 jj 

L-d-j-La (^j-S »l Jij intl i Laj La >i 1 1 £j9l^_a 4j>.^JJ (J^ala ji (j^^ J^H^ tji 
. Ijl J-js L^J jjeJlj j»jJc_Lll (jl JJLao (_ylll i LtJLuoj (jSLxJ (jr^' f^J^?-^' 

.jjjjj j3l jl «L>.ljLi (j <i i in La diii n_t (j^ill (^-3 j_iilll I Jutj 
i-dj^tHj LaJLt£. i^^5E_Lll Jl>.^/ pj-L^aJ I <L>.^_a (J^Ja cL>.lj^/l ^ rt < tij 
»j i a 1 1 (jl O-LJ-J .jJLijJ «L>.ljj jl j3l j<u-uLi 1 1 j I Jjjlj (_pajVl i>L>«jl 
j«i y i I I 4 i i ii i T l_i (JjJal JJ-jj diL>.jJ,l tfJLA (jLa idiL>.jji (JSL^u ( _ ;r 3 tiJjL»jj 
(J^_Ls (j_a j^l j-aj>.Vl p j i ga 1 1 cL>. (J^ala (jl^ Llj 4(_^-ajVl (j^, JjLLu ^ jJI 
j^a.Vl ■ %jUtl L^jJa ^tj 4a. Ijl I i ? .l \ ,<tl;j"a i4jjjJ.I ^jjs.^1 «IjjIsVI 4^.jji 

. JuLLu (_£J-11 ^j?e_til 
C1jL>.jJ,I jj j"i i ii 'q i^jVl tfLsol (^-3 tiJj^ejj i^jJI (O^E-iU Sji.mILi La! 
j I jJLa j j uijj . ' aglaJI (jjs i— 3j-iaJI tfLsol (^ *L>.lj^l (jj*C" >..j j . ^al 
. jLtliVI jf (—ilj^aVI ^ (OJE-iJI ^jJI i(>tjliUoVI (jjs ^1 ^ 
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(jl Jca-j < n-^j-^JI 4JLjj9j (J^^ Ij^^- 0 ^elu L>^J^ fi ^- > "^ ^J-"*-*- 1 LaJ_t£. 
^^pajVI J/U ^j?c-tJ1 J-a-i LaJLi^.^ '(3jJ^ tj^JLII ^jJI i-dj^T-Ti < u L_£i_LLaJ! i Laj La 3* 
(j^. ^c_Lll LaJ_t£. Lai i<L>.!jl SjI ■ La a. ^ J (jla i ( _ ;r i>J! (jj^jjlj 

^c-*-ul ^ c-^-j-Lc {j^lLaj ^943"* ^L^- 1 I Q j ' rt 03^-^9 l)^-*-* 0 ^La-jlj^-i LajU£,j 
jlZj-a ijj^>- d .'"*• 1 "*.' jj^i f^^? 1 - 1 J-* JJ^j-^'j iBinary «L>-jj>j_tl 
^ 1 La ' I ' dl * i<j1-«-><j ' La ^IjIlaV! I j & j i eaj 2j V JlSj "-dj" i"i a Jju 

. j^^a-J! <_sVT ijj^*"' <^->^L>. cr^J 'f^J-? 0 ^ 1 " "^^Li O"^ lSJ-^*'- 1 

(2>C -ilj La Lai nj^-^'j-^-a Cf^>^ (j-^ 1 La (*_ 4;: ?-^' La-i^alj 

^c-J tj--aj i i _ ? _i!iL^tll1 4_lL^t_a_i LLajaHjt-a (Jlia-i ^qj?e_lIL3 . ijy jj-a ^ 1 ' ■ " 4j| 

i- i i u il «L>.j.}j_U ^^5c_lI! j»LLaj (jl ( -J -u>J Ij-Aj ijj>.V! 

fC^>*J Ji^>.J (jr^ ^LiLlI! (JjGj-uj tilt-o^ . ' 'ill * l^JiiiJ! i^i-r lit j^^L-aVI 

4_^j-j>. 4_*_u!jJlJ \ q~ °ij • * ijr lI1-cQlj^ d>^J ^ * '"'j L^' w ^ aJ> ! * w 

^* * 4 ^ ' "^J N J ^-^J-O^' t*^T J i^*>j I o ^ * ^SLa_i Q^**'^JJ La i_dl_LAj 

^^L^. 4(^_<j_>iJ jj-a 4j^SLL1 cLc^_4^>JL1 j j Laj (jt ( 2>^-a- 1 ^Luj-ill ^^j?e_l1! CjVL>. 

^jjSjJI _}oj*.J jj-a 3^*^" ^ A^T^tl ^J_ J L r e T j1 ^ JL?-**( i n 1-5 JLl»-JI ^^j?e_lLI d i i n fTLl 
.^aj-ul ' • ^" <Gi ^tJalu La-ij ^jJlj i ijy jjJLl ^j?e_lLJ ^j_(a_>J1 



CjljLiJI JgJLi a3 LaJLtcj . SljLgJI 4_u jL>JI (_Lt-aJ I gj^ljS jlji^jj (j^jr 1 ""' 1 "'^ 

. <_j_3-5 II (^Jl 5_ol J< A ^LajuVI L^jIjIs ^jl i n~i~ I jSL&j 

w I c Sj-iLs i4_L>.L<jJ!j d Uj jj , a 1 1 CjljLiJI (jja SjjSHI 3-aljjJI ijJLA Qa£jj 

4^alL>J,l l_&j-j_i-a_a 4-^1 i nfl l » LaJ_t£. 4_j_Lu_oJ1 d * mi^M j|j_Lal 

. Jlaoj/Vl ' ■ ■ Sftl ^ CJJL>J! (j-a (_£ I 

d_La OujJ^I (jl CJJL>.J i»l LtaAlL La (jl£La ^y3 .Sau-ul L-iflJ dJLijt (jL^ liLa 

iL^jjIj^s. «Lj>.jJ '"' * ^"j^J '"' LaJt-L*a 'I JLSj i4L>.!j (_y!l ^jl i iuj ( _y& La-Luj 
lILLs j«Jlju a i nj La ^1 Jii>-"i i ill »l nUII 1 Jb I JlSL&j . A J u i n 4jl^I/1 j J i aj 
^"i tl Cjl_Jaj_Lll dJJj jjjj <_p=>jJLi di! X-Ray Astronomy 3 j <j i ..tl 3 < mi^/I 
i jjjj/VI i_c2ill j^JJ ^jl i n"n 3JjL* i^jLal jSL<i ^ i4jjL^JI oljUJI 1^1 . up 

.QaSLJI ( _ ;r 3 (jiajsLiJI j-iill Ij-A (jc ^lJe-lU ^-La 3JjL»-a£ 



Lgoic J-oj-kj (jj^JI 3-aLgJI (jjijj/VI (Jila-i i4 1 m 1 nil 4j>jI/VI Lilla ^oJLc ^ j I 

sLjJjlII jL£ 1 I960 ^Lc ^yij ■ pbj 1 nil t_jj2i!l liisej]! dlLill siLai^. 
J_i_oj-j J_t-aj Sj-gj.? d , 1 , g I , >. A tl ^jja clI^jL^JI 4_j_Lu_oJ1 d ♦ miVI a b ) 
isLi^sLs. CjLjjJLi jl ^tjjl jj^s ^y3 icLlUsjVI 4j^j>JI ^ SglaJI (j^s (j-^' 

OtjLSj . I_ LjJI J 1 a3 (_p3jVI j^>. (_y3 a " 1 i 4j ij i nil 4jljI/^/I till 

£ju& k ^ y j3 llLLiJI g.L»ld ^JjL^j cUlILj <u ^-t-t-^ cJLLa 

CjLu/IjJ 3jLj a LlSU (_y^j V 3jLa (_yAj SjL>.lj 4cLu/ (_yJI^>. i L^lS ij i nil 
jJ^LLLj dJJjj 1 j_jjlj_i^aJI ) j«* LjjjLjo 1969 ^Lc (_y^J .(jj^LJI a^L>. 
J y'lS LtaAJ I (j-a d j ij 1 nil 4j>j1/^/I w S fa 1 lUhuru jjjjtjl w c I * ■ aJI j i»H 
Lj^J—j-ljIoJ < > y^-!t 4_j_jLLiiAJI JLt-aljJLl jq-AI jj-a i(_ycLu-£i]l j »aJI I JLA 
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4_«_L£j .(_yu_ol_>J! I j t\l , ,,l jl_^c I j S a 1 1 Lj-y^ J^Lu/ (j-o 4a^Ual 
jjLLJ! jj^sjJ.! ! jut c^l tali ■ ul j . (Sjj^Jt) Lai it a 3jL>.I j . ..II SjiJJLi 

161 ^jLSLa JJlj^_j (jl 4J (2)^-°' L^*\ a>J t^l LcaAJI 4jlj_oIj d 2 la * rt i n <i i (jl 
si g If JLSHjljj . Lujl?e_« ^3 j, ) Ltajq . . LflJLaj i4_j_Lu_aJ1 d ♦ miVLi LUajLj 1j JU-sa_a 
2 Jajl III i^LoLUiill jjLuall ojuk Lhh 1 ^ ^l-*^-' tiiLuk jL dJiill 

L)^i£j . 4_u_i mil d ♦ mi^/Li 

yid J$l 00 1 -g-Sl 2*UJt ^ 

SJjLoJ, 1 4_LS_La SJ j a. I p j i i aaJ jjx. (jj(j_aJI lilloJI »l <i\c i_ o£j pj 

j_Jal_Lt.l (ji^- 3 nl'^JLl iljl u i qjcgll l^lioi jJa j .(jjSJI jl><-ul <>c I a uiSLlI 
jLajJLl J_i^5j_a i j_J_JL>- JL££. ( _ ;r 3 <Luljj CjLu/JLC (j-a (cjLij'C i .il*itl) 

SJ-g-a-f 2 La ■ ulj ■ i4j|j^.f ^1 (jiijuVl yj-iiaJI J^Ajeij sUJLtJI ^La dllj£ 
4jr JI i ntl JjIjUj-uI 4_iSL4-i iS^Jill ^_JL> Ijl LaXa I ^aLual Ij-o* Ij . ( dglaJI (J_lL=»o 
.(_g^jjlj_II j Lta-Lll 4_il . . . 4_ujjiaJI Cilj i i nil (j^M^ Li^ Jjljj (_yill ^j^tlll 

CjIjI MlVI <i ->Q Jj-JJ-Ls (j_c t»l L*a.dJI A » ^^JjljJI Liliill pi^. ( _ 3 _ULJ^ 

L^_oj^jvj I j tl < .^.i i u 1 ~, ^- 4J ^j^cJJIj c-^l ^SLII L^Lujj cr^' ' - ^' 

CjLljI j_fl> ijoJLkJI J^Li (j^ 1 J-i^ (jr 3 ^ J 1 1* II '"'^JJ^ CjLiiul JU5J i L^l jj'j 
«L3j-_»_a 3_JjLst_a Q-uiJI ^Ijj>*^I ^> j * 1 nTl ^j?e_lJI ^Jl 2 , ^ * c\ijl_a 

- Lai 2111 (_L^-i (j^s-^jjjljjl liiiill si n\c ^La JU5j .3_UajsL«JI Lajlj_<j/I (_>^»J 
i ii se "i 1 iSJaLji Cjljj^j*_a J LiaAJI jjjs 5j 'I i eaJI sQ^LiJI CjIjj^sVI 

( j-U-ai l (j-jIj-^JI (ji^ oL>.jII j^>ll JjL* (j^ 3 6-° U3^" cr^' 

Jj-ujjJ < .il jL^>- Vjl CjLj-jII j-jSj j<u i jj j ta 1 1 j^j-a (^-3 Jia^>-jJi.l 

^Jj'r i n**(t1 jL^>. {jj JU Ij-o^ tj t t _^lijj i'tmII 3Jlj^/ jjjo-u-a^^ J^ 3, Cr^i ^ 

.(_gjjjljJI i dlaJI si o\r I j i a se aj ti^o. '(jjLu i La La x " (jlr CjljLiu^l 
(j^o Radio Astronomy ^gjj^ljJI dliiJI pJLc CjUsjI olaLol jU5j 

<_ . x i ,i Jla i Lfliljj (jl (Sjj^iJI) 4jjL«JI j-JiLUil (jSUj V ^,111 ij_4il ^LaJI 

ol j^J.1 tiiJjL^j 1( »j^jJI (j-ui cuLal ...U Jii<^3 ^1 3_&! jj| (^jSLII jLUI 
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tl-igjuJI i_igiijJI qc 



(j--a_9 • »l_^ inll * »j tLjJI £t3c ill 3JjLst_a ^3 id j m i nil d * mi^M tixjj 

: Jlj i ,itl Ij-fcj-UsUJ! cJsjJI ^yfl dlLill * Laic La 

,S<_i_uij£l i_cSj Jjl j-a> Cygnus X - 1 -<j-o^l <L>-L>.jd! Jjfc - 

-(jji^l jajso ' d-uu^l LaJLic i 1965 ^Lc ^ Jjl i ulll 2 i a a fjjj 

w 3»jl >JI pi L^aAJI rt ^ ^ * J ' ^1 d * '"-^1 w ^l**'^ ^jlj t*d\ 3^ W 1:1 a »Lul < I 
^yjJI d j m i . i l l sUjj^I ir->a (Jjljl >£3 instill I j-fl> ^tu-ul g 1 
i l£J I a II »l a Ir 3j_o- jjjj si ita-All 4_iLSLa _1 J_>j JLoaj i L^al uual j<u 

jQJlj-J ' ;J^J ' a ) * Ij's i nl" ^\ JLa-**( t nLl c tlj3j ^ M '1^ SP* liy 6 

SijjLX i 1969 ^Lc ^jjjljjl dliill »l air &l , „l j . Luj^c-a ^ jJL 4j| 
i " 1 1 i ea ■ ' Sjja jJtS i( I -(j-u£l =L>-L>. jjl) (_)*3-aLiJI (<u*-lII I J-fl> (j^. ^jj-tl 

. cLLa j LLaJ ^jy^-II 4_j_Lu_oJI A * lo2m 
J>iit3 .j«je-lII I JlO) Jj-aj ^ j»L* jj taj iijl^. 1972 ,1971 (j-aLc 
I TAj 1 I . ^ ^ < , (jjj I) ^^I'.^tlj^^tli U I Q7 1 < lj ^ j 

SLjc_3 j^Jij i I -(j-u^l «L>.L>.JlJI ^><J (j-a 4-jJLxuJI 4jlj1/^/I jl Jlj^jI S_j^ ( _ ;r 3 
.(^^ia-aLiJI jC^e-lJ I I JL4> o^-o (J-^ 1 (jt^ LSii^b J^-^" 
l_gjJ.aljJI jj ir^iU I j-A (2>c d^aexll ^ 4jqj^ljJI j-JaLill ijj^? C^aJLa^L-ul j 
4_j_Lu_oJI d ♦ mi^/1 (j-* 3 (jj j-^al Jl«_i La_i£ ^ < gaj| 4^JJL>. ^JJJ (1>^-Ij 

jj^iSij i— al uu^VI IjLfli djn it!j jJu-oJll (j-oij (j-a jl'n j i" SjjjjIjJI CjLj-jIIj 

■ 4 j m i ntl sUjIiVI (jjs J}- 5 ' "^j^ L^j/LiS (jSLaj iSj^jjIjJI cjL>.jA! jl 

«L>-L>. jjl) j * - — ■ 1 1 j-yj t_ij_aJLi jjJLj ^L)Lfl> Lajo ijJLLfli (jLi Jl^Qjl j<u l-J^JJ 

p a i II 1 J_fl> (j_C j-_l!LSLJI 4_3j-»_a ^ A^T^tl (J_LLstlJ1 4_La_i_ul ^oj (jSLatj i( I -jj-u^l 

4J 4jt^j ^jdl ^ jJI jjtj HDE 226868 226868 I j _a, (.uJ <Lik JiL? ^jJI 

(j_a JjL^JI (O^c-iJI I JLfliJ i ( w iLlLJI ' AjJ-LooJI ^oJLj^ J-jlj-i lSj-'-* j^L*^! 
Cygnus 4j>.L>.jJI A^^ASe-a lJ! js j-2jj *^^J 3 jAjUtl 4_lJjJ.I 

. cLu^_u3 4_U_o 6500 ^Jl^tJ Jjljjj 
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jjjj 4j >j , 4_miVt jj Cr* ''Hiitl »l <ilr i h ,~,u^\ 1971 ^ 

(jl (jj-t-*-J 1 Jutj i ljL>. Sj jj^ cLcj-i_uj JjAjtj ( I -<j-u^1 «L>.L>.jJ! iJ3 _i>J!) jJUuaXI 

(jjsj i I Jl>. SjJLc cQali^ i3jn"i,ntl 3 < ilVl Jj-ujj l5 jJI ^LUiiJI jju^sil I jut 

t JU Lufcj . J^_*_ul ' ... I -jj-u^l «L>.L>.jJ1 ^j?e_l11 (ji (JLiloJ JUia ^cj 

' tula ( _ ;P 3 jijJ-S I (j^, ! jlbtjj i p J 1 1 c ( _ ;r fljJaJI (J-lLxjJ! »l n Ir 

4_j_ijL>. SjJLi Lcj^juo jjjj 4jI j«^J i 1 226868 I j (JjL^JI jo^=-LII 

(jljjJLj (jLajo £jj)j_a ^LLaj jjt .226868 I J jojcl!! j> I b> '< a 

^yfl Jjjj/VI i_c2illl (jJI j-SJ-cJ <Gj)La iljjo.! U£ ''^j; 11 J*s uJI (jJI 4JSLi 

1 A^AU Ln.LjJjI i* )jIL5_LI ^j?e_l!1 qjz 3_aJ)LaJ1 ' agliaJil 1 ^ j La 3> ^IjJj CjLLa^tUI 



208 



£j\ tj as Ml jj_a M^ <tJb£ Lciajt t. < i tLSeJ ^jt j^^-S-'J ' ""J"" ' ^-Q^^g jl J-L1 
(jl g-jLaj uu fU*-JI ' LmieJu Lajii^. 4jLa iiiilj ^1 4^1 i*->VLij i4JLl3.J 4j*.jJj 

(j_o Cil mi i JLS *L>.j.}j_U j»j^a_(JI i La ojsj \l VI jLj/ Jl2J 

i(j^La>J j-J-C j_al vijjL>J! I JL& jTLa ^1 ij_uaL>JI cJsaJI ( _ ;r 3 Ij's <_2jijjlU 

oi ' •*■>**' ^V 4l_u_oJ -""^^J L)^-*i J ' L)' ' '■" V. 4^Ljj-LflJ1 {J<j\ ^ajlJI (jV. 

isb».j.>jJi,l ^x-iJI (jb jjs-T i-dLi&j . j^-L) (0->j J_J>^ J-i^- (JSL^JI ^-LsjuVI 
ij_c"aL>JI C^SaJI ^j£i lilLflll »l nlr j>j JLjLjJI ^LJI jLSI^VI (jl j-lC. . 

ji£t cLcj-*_uJ Jjl^" JL9 1 tj frJL>.t ^ji i _^oj-uI LlSj ( __)ia_ut Lot Jsjslj-l 

S^-LvjJ! jj.Mlj 226868 ] j £j->j-U (j-jI ;M1 3 j , rtLi La! .j^l <>o 

I J_A t_ijL23 «b>olj ( _ ;r 3 4_L3Lx"aVI SjlaaJ I i dl * i l-(jjii?l 

I I j j a ^| i ,i a^L-b (j! jLSLj (_^jJI 4Ja2 III (jy^ . I JLjJ-Ju LijLaj ^jjjJil al la ill 

1 Jjjj/^/I .ri'itl (Ji-I J 42jjJa ^j-JjJ JSLl/ f_y£ jlj n*i i ..Li (jj^jCb (JIajJ 

JJ_«JL)! JjLx-j La-Luj .j_«j>.| jj^-a-C (^yJJ J^cjjJ jojcjvI JJUjjj Oi^aJ! 
CjljLiJI (j-a CjLui^ £j] jJljj j<u ' cGLLlLs Jijjj/V! t_)L2jJI p jjiL 

2 SjU oj^l! jojj/VI i_t2!iJI (^JJ i226868 I j _a (o^n-iJ! ^la • ■■ j^jJj 

j I 1 aja (JSLlu 4l>.l J lLl2-i ( _ ;r i!4J I Lai « 1 "a 'I Jijj 1 jUUI (j-a ^Liu^ 

. 3 J M 1 nil 2 < i^i^l I J Ig 

jj-^all iZjJh >LJj lillajl »Uk i_U^I i 1972 ^Lc 4jL>. 

. »l rtUII (j-L^- 1 tl)^ W^^H^ri- 1 Lu>U ( j_a_jjj 4 J^OJ-ui ( 1 I -jj-ul^l «L>.L>. jjl 

j_L.j K—ij^ 1 uiuiVs £ Cbjj (jSL«j (_gjdlj 226868 I j _a j<u5c_(JI (j! ^ ■ ' 
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=L>-L>.jJI) (jiajsLiJ! (JjjjSjJ! JjJbtajj (j ii n i"itl 4]j£ 30 ^1 <Q££ 

(j ii o i"itl 4]j£ (JLlLal 4j^Ij JjjJ (jl O^^i * (j^-lAji^ C 1 ^?-^' (l^J 

I J (j}^-"-*-^ j*-*-^ ^•J-O- 0 l- 0 ^^- 1 (jis-aLiJI (JjjjSjJI liJJj 

. Jjjj/I <- 1 S"i jj*226868 



Mini Black Hole j jliinl 1 d «S I Mini I 

> itl CjIjI JLa VI J J ' ^ U IjLA (j-* Ljj-d-u jqJj .^JjLa _i^_*_ul < i 3j ^Jl JLl*-1 

^j-o (1)Lj Ltiajt ^.Usjlj i ! Jl>. juJu^ _}^_<_ut ' i 3j -i^>«J ^jlSLaL t(^J)^ i 

< ■ i (i ") cJj-SO ! jl (j ii 1 i"itl (j|-J-L3 ,j-a l_Lu Li^j-JISAI Jjj i ii jjlt'l 

t JaJi3 J-*-* ^lj^ 3 I ta 9 ' a t ga * ^-i <^>V ( jJjLijjLijIo 5J_}L*_« l-j-ui>) Ji^_t_ul 

3JUJI 

(^a-oLiJI Cj^L>J1 J ^' '• 4 I 973 (jj-^ (p-" Lt-u^J 4_»_aLrt_i ^jLjjj ^j)j-i-u^L>.) 

Tunguska Event ^l&ri^lU ^ t'^U 

^Li-oa jj^ 0 1 <UuL_aJl cLcL_uJ1 i Ljj-j_u_u jJLj-tlo 4Jj-»_Ul '"^ *^ ***' ' U * 

(jL-^j ^-^jJL^Vl . ., f^Jl I jui> , 1908 ^Lc (tjlj-jj^.) ^ujj 30 ^jj 

^JlLsl 4^^)-a jL^t_ij1 Cj^_u3-1jILo jJLj£^ I 280 ijr I1 jj>. 1 &j La A < ^ 3fc ^- dja 
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^Jlj^tj J-)LgJ! j 1 x a jVI ljufc SaJa v^JjJLa JL3j ■ As>.\ i M U lilt ^ JjLjV! 

. 4_j_Lo*jj ju_a «d_i_t£ ^jjj 

p j ' "jjj (jji^ l -^> ::e -y <Jjj' I'm i"i IjjlaLJu p-^-iLi ^LtVl JLsj 

(j_a ^Ljj) tf^JJ i ^ 1 «j ui T1 cL_Lo da-fll ' ■■**' « (jl^J L(j^£j-uj1\ * )^_L>J1 (j_a 

(j-o IjUs-l (j-^LIj i(JI o uJI £J3a JL3 La Lij)L>. (jl £jjs->J! i_Sj^.J . (jL>.jJ! 
lXjuj .CjJL>. La 4JLjJL>. i_3jjljJ Sj^aJI i lil *^ ***' i til I Jjlj-o*! ^Jsaj i * j«J ^j_oLl!! 

! jut i—iLijj/i (ji^. i_3jjijJ! 3JjL>J, djnlr cQjlj 1 1." i j itj) i LoLc j Coc 4 » i n~ 

IjJUfcJ joJ LaJUx. 4IL«jJI »l air L,ia.<] JlSj i L$K 2 ^ t-> * 1 1 £jj (_tjjj| jLrtAjVI 
) 3j «J (jL^ La£ L^j_u (j-ujj j_LajdJI <_ i i i n'q ijL*-ajVI (jl£La 3j_u^ 4Jbai 

.(Jj^ ^ «.LoJL*J1 

«LtL> *j j« i all j aa-JI ,j-a Ij^lj£ lj)JLc 4jjt_JI ojut CjJL>.j JlSj 

(<J Lg_il fjAz. cJj) idjajlll ^ S-Lt-a-U S-i-uljJuM (j^Jj iLgK jLtiijVI 2Jila-La 
JljJl>J! CjL^j_>«j CjLiiu id [*< iVi j*C i"i"t ciuL^ Lajlj 4j£j_u CjL&ai (j£j 
^LjaJa oLi^LUI djjlitj .dJj_uJI LjLLi 4_jV jj! Vj ^Ja i Q>j ^aj| Jill 
(jLi i(Jjjy (_£!j uilLufc (jl^j • K i ii^joLj (^yi CjJL>. La Ja^s- iiilLill »l a If (j-u 

.jLstijVI c-i-u-ua jLajJI Ijufc J£ iliJo-i iJjLfc iiJj_u (j-II J-»-JJ '■ ' ; i "tl 
(jLtL«JI 4-Cii? La jjt i K i i^ojoLj CjJLs* La j j i oij JjLkj CJJL>. Ij 

(4jlj_lLi]1) 4_]bt_a_i (JLoa ijr 3 t j-<jl i ti^j «L»_aL>. jj-* O^JJ (JjJ - "" , tjLjSllaJI 

i jLstijVI i- i j i ii (jl (jLi! Jll jjJaji jJia . I 973 j»Lc ((JaJjl) j j a" j i » j(j i"i 
j^J| j^e-J ta 3 ' a Laj IjJUi j * ■ a II (^-S 4jLc J)ojji! ' _ ■ ^" ■ a I jJa-i^a I 

LajL_Lcj ij-_LjLlJ1 clLiLa 4_j_lj)L>. 4jj 4 ^p_a_u_u_oJ 1 (j_a (ja_tLa (j_a JL>.lj 

L^j a J La ■ a I t L^_La jlj»iJ1 fiLc^-t-u (j-a ^-J^i «Lcj-toij «LLtJaj^/1 Sj^Ll! (j_a < )^p^l 

. si i^nill (^ (Jj^i-I 3j-a (_,ii"-->.lj 1 L^jJli.! 
id J i^ajVI S^j-SLJI j^>- ,_3_^3jJ! J)aaj/VI ' ■ 1 fllJI I Jut JjlJ-a i. 1 j 1 n" Jl^J 

^ I . a a ^ I (j_a 4_cLajij! «Lul J J j J^^^- 1 ^' \jJt CjjJLs. 
LailaJLa nij^s-l Sjjs J)Lc JiS Jiajj/Vl i_c2lll jL IjiS^jJ (jUL«J! JiLcj .(_p=jV! 
Jaj.j iVLa-Ju 50-40 ,_psj_c. ■ La j. jLLc (jJaillaVI jta-pJl I (JLajiu Jii 1 11! (jji 
2 j i^ijl v^jlj-A oJijua. JUS JU V 4_2JaJll tfjut . LjjL 40-30 JjJa 

c— J^oJi a I J la < a I (JLaJo*! (j) £ya ^iljJLij . 1 La-L>J I ^3 Sjujuio diLiljjta-tJalj 
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L-t-afiJ I (jL£ jj liLiJUaj jjl (j^Lx-l (ji^ i^jJI La-3 4^1jl3 4J1!Jl>. La jjt I JLA (jl 

Escape Velocity cij^LaV <j-° J^' ^g-j ' o^J^" cr'i £^ ^ Jj-^u^l 

I j»UU j ^" . ..j . .. jjj 4 l _jjj>. 1 3j_a » I ■ A 1 1 j^JJ LgjsjUiej (jJ 4d j i><j^1 3j£LII 

p " i i ii j .4_L)L^J! cULujLj. Sjja LaJLa-" i u a «U^>. £y» .iljll j»L$HJ! JLs-Lij 

(jSUj 4 jjjj/^/I ' . i Sflll («^>- j » i liil cJsj ( _ ;r 3 i_i£a-? ^LipJ' 

Jijjj/I <_t23 j ii" i .il ! j! <til 4<L«j*j>. I nK ^1 i ii ^tuV! 43jjs 
. 4_l3^1j (jSLa-l V j_a I Luli ^ £ I flUa. La 4 4 j i^jVl Luj^ j^J-° 

JjJLs- 4±jJ_>JI (j-Sl (j-a ^ i". £jj^>. (j^-^f * O^' o J=e -'^ 

,jjs (3 j m 1 nil SjlJI/^I) SlsLLJI w (jSLaj i ^ (jSLIj 4(j>jj^! i_Ji!U! 

. S g. I Jmj 1 nil ' -ij-Sfill ,j-a 2 IaJI ^Ir J j 1 a >■ 1 1 
! j-A 1 r 3_iL>.VI (>1?-<U (^^-S-La^jJI LuLo. j Vila jitll 

. . I j ' U I ^ j ^ i^J^?^ cr^' ^dj'j-^' ^JL9-^' .-<\l <» I A'.lt S^tjllj^ Jl? 4^LU 

jjli 4j|_a J£ jjij 1 |^a 4j| '/. I J^l '(J " •> "Jl O^Lc LaHll 4>jut SgLa£^g 
SjU! £a tiili jjjLailj .4^LU (^Jl J^tj (jla J^l J^i^J 4SjU! (j^s 
. I &jl j J ''I ^L_Lj! 4^LU 4icL, 4 Jijjj/VI Ji-|j (jJI 3-al J's 1S1J j^JLcj 

43Jal_L (jJI Jj^tlu SjUI 4>jL* ,3-a '/.6 (^J!^. vZjLjj/IjjJI cmx i'^j] jiSj 

Sjlj jjl j-;^. »l i ntl 1 ) j SftJl 1 /6J1 d 1 1 hi ^ 1 «**nj . jiiii miTL^ 1 la 1 ujj rt ^jr^ 

jj^. I mi i"i (j-lJI 1 nil 4_!j2itl! (jl j^ljJI ^ (jS-Jj Stationary 4ILiL\!! 
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jL uj'^J dliill tUi^. oJLto. 2 « ajj 1 1 3 j i tfjukj . '/.43 (^J! SJaLU ^1 

jJa_3 « ^ .i <a i"i tl fiQH^ (Jiua ^j^-lLo 4jLoj c_sVT *j ui£ ^jU fiQiH^ j-^JJ * Luj^?c-a 
i?.1j-<JJ>Jl C<->*J «L*_l2/ Vlj 4jJjj1jJ1 llil Lf3 till (JjJ-<U-*-S L* ILLtLUl^/j! 

»lj a -»J1 Cod CjLo.j_U »l a 1 » 11 a « J JLa JLSj , 2al talj (j-a 

V 1 jut i^jjSUI jLJLll 415 La> 4jLxjj/ (j^s j j < aj (3jjIj_>JI cjL>.j11) 

jLulII ! j-fl> ^ SjljoJ! So-jJ j_ajj JjiLc ,j-a JLi V il .SJaliaJ! 

ijlILl* J j a . *!j_«_>J! o>] cjIo-jI! j! ju-a! ^Ir ljj>La oj^; er^ 5 * eA^-" 

0J_$J fiLaLLaJJ Ij, I Lea rt ^j^SLi ^jt Ljoca J^J-° Cr^ ci^^ -i^J-ul ' • ^" 

i juVj_lo 4jlaL*j j-jjj ' "jjj^ j«JL«JI ^La SSJjLgJ! 5-iLa- . ..tl 

Gravitational 3_uj)L>o cjL>.j^s cjJl>.j jLSa . 3 K nX\ a'jjt J^s. ^j^*; 
ol j|j ta ■'— I Ltjl j"r 1 (jSLxj CjLvjI! oj-ifcj i Lujjtva j^j_o (^13 Waves 

* i\j labial ^Jt L-iajl »j LcaJi) j Leaji cLcj^_uj 1 La 2 (^^-11 4_uJ)L>J1 d)VLjt_a 

. (4j ' u^ilal ** 4jtj-Ja j jj 

La i_Sjj(_l (jia i(j ii n ."ill J-aJ> ^JJT" " Lu}^ ^iLaLc dJLiifc (j! (_psj^ilj 
j 2'al , ,,1 1 ^^^j (j^! -j Lai! pjN II C^jJI J-Aj ij^jLaj) (^Laj Jljlj VI i) JLs. 

4_uj)L>JI JL^a - I aga. I tiJjjj (jl (_Lia ,_jjLaj) ^j-iLaii j n" < .ij .j_LajGJ! CjjJLs. 
L^^Uajlj L^tp- (jljjjJI ,2^c. ,_pajV! i_aajj ^1 ^JiJjjj/ Lxjj i(j .i <i uii! 

r ^ ' a 1 1 ^Lmi 

Jo-Luj/ i(LiIliua (j ii a « Lao.!) 4_u j)L>J! t_i \jla±a \ jjLa ijo-T ( _ ;r JutAJj 
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, Uj ^ , ,. ^j-o L^JJ^JJ i ntl CjIjLscojI 4_j_oL>J1 CjL>.^_a I ui 

• iljo^JI . l a_ST<J I 5JljLa CjLujSL] 

^LaL3 i*Lj_ol_>JI CjL>-j_a j "i " 4-jl » It d j < i r-i (jjjj) 4-a^a Cj-iI£j 
L_Aj-_j_±£Lj p_j CjL>.^_L! ^Jl ■ ^" . ..V ^aJ-La^aJ^M jj-* cl^**' aV *ijt^ , ,.1 

J 1 L_£lJ 1 iyCu\ j La i --^l (2^^ (lA- 1 ' C^jL^J i L$l_jj?e_*_uJJ 

i_*£o£ (^yJ! (_^Lj 4-ujL>J! CjL>-j_a (j! joJLkJI ujLxj O-jMj 

OK l!^ .Luj^aj^j-a^ 
OJUfc ( _ ;r i (jj-^i o' (Jl a""^! ij- 3 ! " * J a '<^iLaL»jV! ( _ ;r 3 Sail! 4jjl i n" a 

.(JjLt _^oj-u1 ' i £j d 3 La ' 1 1 

^aL>. (JLp- -i>^" 1*1 JjJ-U <-;-! jji-l J I >|Cl J dllj^Ca jLl^-l! J JlJj JlSJ 

SjjSLa iSjjj-a j^lL SjLa cjlj^J,! tfjuk (Jiitljj Clusters of Galaxies cj!j_>JU 

. gLq l i-t-a Cj1jL?e_a Lajj t^i^ jLlCJ CjIjLc, (j-* 
* l^Jij jj-* ^-J^-a t4_uj-U SjLtl i>J_A tJ^aSu {j \ jJLalo^l i-LILlAj 

jj-* 1 J a 1^ j;^" 3_aJUiX1 ^jLllllj jj" 1 ^ La-Itl j^^^^ j-Laj cL^j>.j 

* i\sr < f ~r\ ^_j_aj>. jj-a ^ I j j a « i^-^>^ t^** 1 ' ^ J J ' S ' ' 4_ujL>J! 4jj-La_u 

^LaL^ (j-ujj *!jiajjJI illj i4jiLc sLoj^ij Jojj/^/I ' . 1 Sail 4jjJij 

l j 1 « i ^j-i-'^ iiLaj! ^1 «L<j/La «l>-L>. ijJLufc Jj ijl ^>.Vl qj& (JL>. (_gLi 
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ijJLjJfcJ! jj-* ^5-^ frlj^g-uill * <j Soil j-al JJLu JL9 

( _ ;t jJI (j-a j-uSL!! (jiajsLiJ! (jjSLII (Jlj Laj 

' JaftJI ijr ll j Lai]) • JuJl^u ^i_La_u I <— 

2 a-Lm 4-jjl .i 1 .1 tl ^1 1 .1 -vVl t_jj_c.L^ Jij t »VI 
I j'a \l , aj La p j" u 4_ua£ SjLij^a^S 4jl 1 » I LaAl I 
SJaj^a- 1 .1 tl Lg-j I" <i" (jl Laj 1 1 flSjjia lJ £ 

jj-^o JLd * * (j! Laj 1 ; V 4j9jL>J! «Q^,j-i_uJ r-j ' 

LitLc iiJ>lj 1 J$j-uV| i_JjlJI (jJI ■ La j j j La jjl 

^.a L^jjJj jJa ^3^aLLll oJL£ ^pJI tijIjLiJIj 

oJaLs-lj i.". ( nJlSLjj C-JaJi-L^jlj CjjL^jl Jj3 1 f I 1 a a 1 1 

jjjj i4_u!iL>J1 cjL>.^_o ^-hi-^j <^-)^L?e_4-i L^ 1 * 
joJLjlJ 3 j 111 ;IL^ £-aj . L^J^v La JfT ^le. L$J 
j j 1 a 1 1 IjLA jJLjj V — I LtaAll Jj^3J (jr^ 1 1'^ 

» I Lta-jJ I ljr Js ^LaLc. I j*\ (jLa i LLa^tla ^jj_>JU 

Jl-AI mi 1 jj-^ if IJSo-uiJl * «j ^JL>.I * Ui aj 
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t lSIj-o jJiu 4_^>.j i (3^0 LgJeia-m I jL^s-a j J u i u ^Jj L$JL>.Jlj 

jij-L^JL i 'I in<i" (^lll iSJjL^JI t_jjjJI Sjja ^1 liili <_cj i nil j (j^-jLi. 

5j.j ; Utl J^l^iJI *L3>LLL> Ma 

^IL^ - c l^c-u^> t L^jSLIj 3jl_^_Lo <L_uji£La ^ j^>»j L^j t LL>. , . l^-Lo j_i 

. LtJj^?E_a (J-O <—)jJLlL] jJ^JPeILo J-JJLjU3 

ga * * C_)^ Jl>. J_w^ JlJ V La ^ Jl) Jl?o Jl9 tf. \ ^ 1 n II 

.jq_a1jJI j U-wtt |j_a * Ljj^^ 

4jj i^i 1 II (ji ii-iljjj Lx-<a ^lji^-i-o 1 1^23 Lt3jL?E_a Lll^>. tj^^J JL^j 

i(jl_«_aLl jjjjj J_j (j! (jVI UUlc S^?^ U^J 'tJ^ 3 J-^*^' ''■^ J^**-" (0-1 
K ( hjjoLj I 908 j»Lc ( _ ;r 3 CjJl>. Li£ Jjjj/I <_cSj j_o a I JLla-La I vIjjJls. (jLSLol 

L<t£-3ju»-iU cjLjV^JLj (j^il 1 SjlaLsj (jLSLia (jULc (jjj cu* t [jj jj . uj 

Sj^LII ljU>- <_i-S-i j-dj'-^-" tiL!j 4j|-Jj^ (jjs Ljj^j 

.(^jjs-I Sjjs «LiiiflJI jLc j<u Lcjijjs IjLstiil LjJL*-o t4 j 'Oj^l 
sLcj_«^>J,l J ^ ' "II 1 - 1 '"'J (jr^ 0^- tuJ '^' o' ^ 1 I o' V^^dJ 

^1 1 1977 (cjI) ^..U...^? ^ 2- jji £-L»Ji Juu .a^MigMitl 

t_j£j^ i^jL^) 8 I ' a 1 1 m ri 1 11 Jo^l^J 4 j 0 It II 4_ujjt^/l Lol i(jVI 
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j-d> jl j-m? (jc i.\th1 t»l j-a^>JI ^j>U U*°J^ J-"^ Jr!^*^ 

LAJI 

tjl i ii i^M CjVjL»-aj tj\j a" i ii Li JLjIjlu I CjLajVI 2^j_<j/ (jl 

.£j|j_JI (jj^JI I j-A (jlr 2JjLx_a jljJaLl ^JLfljj Jljj La - I La-All 

<_ijjuJ| JL>.^/ nijJijJ! (Ji-l-i LoLxj r I ' «l m» i ii (_yflgiej (jl^ id J i n a i"itl 

JU-aj-l (jl C-^*j 1 jj . pOfl-uul 
(_j'<*\ V Lj j I >■ i J . ill LtaAll (j 1 c ( _ ;r 3 Lu^L>.j ( _ ;r 3 I j y ' (_^i>- lil) 1 4-jSI ''-"' a 

Li, dJJjj I j Ic 2 « t uLS) oLal . n<n ^L^l jL*jjVI Jj tLgJbc <_sljj»jVI jj^a-a 

.*LuJL>JI L^Jjjj SjlJu (j-a al 'it i>ijl 
jL«_ll Ij q\S Ijl VI ij J t" i ii a j-al Q^jj jjj-u^/I ' ■ i £11 2jjj (jj 

(jj^tlj 2jLa ^yJLc (_£jIL=»o 3jL$_La 3jj?e_a (JlLa cLa^sJV £-Lu (jL£ jj ^^jjvj . d & I 9 
(jJLa jj_<_ui (* Lj ' «!«'?*».' (j ii"iT3 (jl o^Laj (.^-Ilj '(O-? 1 - 1 

4JLaja_La ^ I c JjjLILU g j taJ I SjLaI ui a i ^i-4_ijL*JI cLajjJaJL 4HjJj 
4_L>-1 j (^1 SjL^UI SjLU (jx. j LLaJ (jjJI CiLcU ^i^M 2 La i ■■! jj J;- w ^ i uaJI 
(jSLaj i jjjj/^/I i_Jjl!l (jL^ Ijl I <r Jjl i n't I ^1 I jut Lijlxjj . 2-aljj J*C ,~„ ^ 
. S(_Ll3 (j-a (jL^ La Otjlu (jjljjj 2j| n»tjj o' 

rl LaAll ^ jiii.ill JjS"iina (jLa i JjjStl Ijufc (j^a JjJj tiJLuk ,jSLj ftj I jLa 
^jl cdjJLi ^jl ' ' SB ^-ta-aJI * I a j ^ > rt jj S[ \ id j i n a ilitl «LCj_a_>JLI ^jl^>* 
* ( _ 3 _<Iu (_gl a, I j* II jl b>*»l JlulxII - I i a all ( _ ;r 3 LU 2 J j i a I a JtSI i a a dJLuk 
i*jj^JI I J^l (j-ujj i_i3jJkl (jSLIj .ilJL>JI ,_j^l 1^1 i LkjJjLS. (jjs (_gjLa 

Curvature of »l ca all ^i-ir <a ^^a Sjui^a a i aj i-ilj^u jjjj/VI t_t2l!l (jLa 
.(^.jUJI ^JL«JI j_a jjjijJI iiju>JI ,33? 'Space 
(jl ' jj ' aj ^" 3jLir*JI «Q_ujL^t_) jj_*_oVI ' l2HJI I JJt> ^_*_oj_)j 

4-j i La j >■ II ^jj_i]l La-iL^j i4jja- (jjs 4jJjjj f. I i a j 1 1 jl ^^jSLII ^lj_a]l (_gjlj 
g I ' ^ a j( 4 Ljjla Lclj-S (J_iifcILl {j\ ^ilaj i * V (jjsclj . d i d * (jr^ Cr^-^-^J 

cQ^t_t-a mj 4_i CjLlIj (j-ij ui r 2_al_jLll 1 1 n ill 2jj-La_(JI (j^-Ij • L j -X J cJ L a 
' . i c j*i i ii t (^y^LIj . (t_iL<SLII I JJt (JLa^s i.'i i njl (j-^j) < ^J^' J-J*lj-taJI ajj 

pj^-m i U ^jL^a j^L jLSj*^^ LcLtijj^l.tj' ^ 

ijj^tia s Laj5 3j£La 
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* a » ^ i ac M (jl (jj3 A-ULi-uijq i La_> ^3 (jlLaJ 2 i3j-*IoLu3 jl5e_>J1 c.Ll!I 

JL9 L-Ajl i u a (jl Lllaj> ^ J i(ja^LJI J) Q c p ^ ' ***** 4JUAjjj jL_u^ 

(jSLa-i i LgjjJL SjLa 3_iLajj/ |&>J ijJLut (jSLj («J I IlLa i3L^3 <_2j^e-il 

f. I Lta-fl-1 1 d Mil i ii <^jli->^"J O-ll^J 1 1 J 2 La (j£. <_slj^e-]VI I JL& l. i j i n" (jl 

i-djl i ..II I j^J 4_l3 j£Laj (jl (jSL«j (_g jJI i jljO-^JI <_cj-i ..II (jla . La£ J-ajLj 

. . . 4 i j 4_uLUiiII 3 ) j i aXI t_)j^S liJj^ejj 4-LuLmJI ijJLA (ji ic-iJjJlJI 



Black Hole Rotation d£rt<S I Mini I £l j$a 

(j I jJI ^alSgJI (Jj^J i«Li (_j^sL>J! CjJL>JI ,3^1 (Ji-l-i ' ^- 0 ■ jCiJ_i£.j 
(jl j^jJlII ,j_a (jj^-J 5JL>JI ojut JiU (j-3j . d i nii ) J^s. IjjIj (<s^*-i-II 
jjJLj I ajJLc LaLa-i i)JLa_j Ij-Aj ijl J j iVI jlj I <iK i(jljjjJI IjLfls ^_)-<-uJ 
jJJLj (j-UJJJLo-a (j^X.1jJ_) fiua-U ' d uidJ (J^>* JLlL>J1 (j?^- (343^ 

.<lni h^w < <_iL>. (^jJI 4_i£,lj!i p ' ga * Lojut^, ^j-i_ol 

i»l liaAll (^ jL^Jiil (<s^*-iJ! SjLa (j-a Sj_u^ <UuuJ I JLfli i_u i uj (jljj jJI I JUtJ 
IjjI <-iIj-JJ (jJ L^jl jJlj-i^ i/ojc_l1! CjUjjj 3jI liJLLa (jl I ' ^1 ( _ ;r i>.j 

iji^j-o^l ' lSMJ d ^ < uJI (j-i^jN ) cL<u-£a_^ j JLu (^jJI 9.\ ua-aJI c.l_tjt_)l (jl 
(j_o (j-SLIj i JJLa_o (jl-J^ *^ L>"^ Jj-<-u^l ' . ■ 2!iJI '■» . i"i 4J w La «j (_g jJI jjt 
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i^?E_(I] 3j-j_aJJ CjI o mil Lat . f\ L^aAll ijr 3 aj uiUll 1 JL^j j gla * i Li^*-a 

cjUj^jSLI^Ij cjLijjjj^Ilj cjLi^jjjjjJ! ^jus^aZ tjJ>. \ ^s^i <L3j_aj 

Jt-fl>l ui I <Lj-mJ tl_i L&LU-a -uLij pi a (.all j_LA J-^ i^^Ll^iSLII i_4-t^jHit ai 

.^Jl'»-**(t1 JlxIs 1 JljO* Lg-UldJ JajlJO Lu1j!i (jL-1 4(j^_2j!j C_^0^ 3-5^ 

cLi^sLi. SjjlJ-i 4 *JJ^ '— LL"ia-i CjlSc i ir-il i Jjj-uI Ljij jJI OJLA cdio I 

jo^s-^LljJ Cjl_c.!j_aJI (jr jI/^Lljj i5_jjjJI i_ij^!jjJ! jL^Jjj Cil i-r w aHjeJ 
1 4_jj_Aa^>. J Sj-jjj^ (J5JL>^ ^ ' 3^ J »**' ' 'i * (jl 1 nlf JjJ_t£,j .C)l aj i ti>JI 

j>aj*^aJ! (JjLujjj 1 1 juaL>. (j-oj-II li^o. i_ijjtjJ! tjLSLU diljj i_ajJLl.l LitLc 

tfri i ga a H «L_Lloj_u 4^jj>. jjo^ji) ^LUaAJI ^Lijtj! ^jLb i l_Lu La^j .^J_*J1j 

eJJb jLulo (jSLal . _}oj-uV! < lSoJI tj-a~l j 1 ' " *~< ) J-^L J ^J—^-*- 1 V^5^ 

.4jIjjJ Jjjj/^M L-cattl I 4lj^ 43jjl>s (jSL«JL! (j-a (jLSLI i4^JU 4-LuLcuJI 

i— ij ^ ~< 1 1 ^^.3 L-Uaj! JU>-^j CjJ_>J! (j^LS .(jjj^tllj V OuLj Jjjj/I i_cSj (j-^ 
dll j (j-a i ii a jimi i3j_o-^! SJL>JI iJJLA ( _ ;r 3 (jL£ iSjIjjJ! > I JijjjJ! 

t jJLi.^ j 1 jiiLo c<-(-u Luj j 4 4Hj III] 1 ^ 1 _} \ » i j Sil! 1 ijr 3 ^ ' 



jl) Ergosphere j_Li<j/^>.jVI L^Lc jlUl juVl ^1 I gj^ C^?-^' o' 
Jjl jJ_lj I_LAj i 1_L^Lj/ (jjsjj! i_i2j (_gjJ! ^LSH! J-^J i(4^LLaJI ^ ala * a 
Luj t Jj?" i ii U (jJI (jL^jV! J2H (^jJI j Time Machine (j-ajJ! 3-!^? 4r>J, 
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. (jj-2-II I j-a> (JjIj! i< 3_g^jti1 ^ nUII JLlJJI i_ul£ j-^J ^ 

Cil i°i II JL>. *s_<-ul L^-lLc [j-Lta-j (_gjJI jih i n_aj».jVl 4^L>. 3Ll>JIj 
2_aL»_i 3 51." 1 1 jl taa. VI <j-a > (-;r Ju I jj' a (j-ujJ 2 5 U ; « Stationary Limit 
.(j-ajjl Sj Laj mlb <Li^>L>JI i "'I a i all L^J lj-2> £-a <1)^J iviiJL»JI (jj^l 

(3^Tj j_lojj/^>.jVI «lj^>-! dr*-J J-k-JI i(a-*->JI (JjLa jL^-ill (<s^*-iJI Ijjj 

c1)Jl>JI (3^' (jy-^i ^ J ^ ' J taj- tj^^- 1 ^ (J^°J I J^>* [>^^ ^ J ' a | iCjjLj>JI 

.(jSLxJ La Jjai 

2JT (jLSUI I juk jjl ^1 J j 7i~< ,,i 1,1 ^Jl j-al in" (j? i^jjj? lit i<U^ *LoJI 

^ < j j U 1 1 (j-aj ./nfl ^ aUtl JLpJI *Lj| LgLitJ (jylll i(j-ajJI 

(jJI 3jjj_UiJI OlC J I nK t J jS'i i aXI ^ I jjtl j ^ i ,i|| i_ijltaXI SjJ.1 cJlia I oK 

^Jl SjaJtJI i^i _il_i^j_*_o \ j£jt>J . j-Lflj_oajvjVI ^Ji-lj jj-* * lljo^VI * > ^ = ^J 

SJiL^II ^LuiUJI i^ljLG] 3 innlL 2 2_ujL>JI (jj ^^jLiJI ^oJLlII 

. »l J)J I nil I *j 1 1 

iri § UfeJ I M f ja4 1 I J 1 

(_3j-_»_lll *o (j! tfrljbj-mll * «j aj 1 1 i^jLSc ill (jjj"^ (jr^- O^lj 

LajL_Lc ^ a la * * ^oo^tj ^j?e_l11 SjofcLiu-a La_fl>j i c3^ (1)-* La-ALLio^Lj (j-dJI 
3jLa i. i i i n i fiLtcaja d i-ia i (—Sj^tJj ' ^ <^ d la 3> ^ a *.}a_i-ul 1 • aj jL^-u 
^jl lil J^^- tjLlLajj-Ls 1 a it l_a_i| 4 LjJ Juflil ui a ( ^>^-4- 1 V Jaa-o «U_oJi£La 

(JJLkJLj La_ii 4jj/lj_aJI (j-^L^ 3 Liai 1 Jj^jIjJI QaSLj ^1 ^1 ^LL>o I 1 j * a 

j ' j-al i j*^ t^tje u (jy^-aj fil tJaAJl ^5 »ljj i nil * «j aj 1 1 Qo^-J ^jl£La_i 

^-uajij . QaSLII j nr ( _ ;r 3 L>. J-i^aj J-^' ^jLa^^Lc <JliJe-. u ^1 t_^*;J <j-aj 

4_t£. (■''■■y- U (j^-a-l La 

I g-Ltjoj L^J Jojjo ^^5=-Lll —I liaAJI *L>.jl 2_cjjJ^| i S |jaojJ| 

i>J_4) CjJUto-ilu JL^j d A I ", ^- 1 I Ji-lj <LUajsLc. sLajjJaj iJJjl»jj 

iiaja.jJ La^ Elliptical J 's ui II 2jjl CjIj^sJ,! Sj^jLi. 2 j.^ i SjjtLtaJI 

jLiJI <_ 1 5e 1 n (j_a sLjJLi. L^j^/ iCjlj^>J,l dilj ( _ ;r 3 4jjj_a JJ^. 3jLa Jy>-J 

.(^jjSJI jLJLJI 
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^ypj^xa i (jl w ajglaJI jj-a (J-*-J S L$3_}Lo 7-98 ijr II (Jila-> ijr lllj 1 3_] J Ltia_j_J I 
^jjcJJI w I c j_ljLjJLi aj 3eJ L«-i3 VI Ll! 3j_&Lti j-^c i«l Jjj-u L$j| 
U I c L^jIjIo-L j_uiJJ 4jjLiia-Lill Sj^>J,l ^Ij 4-^Lie->j i L^J 3jjL>J,l 4_uj_U 
(J_*j->JJ • 4j>.^t-j uJI cll>.j-a C'«l ) (jy^-JI i J-a-*-JI ^3 5 a jJllI I ^a^e-JI 

cjIj^>JLI >£1j-o 3jL^jJ.I j 3_^jlSLII lAX\ (j_o j_iiSLII dJI_La> o' 

j^l cLa-ijj SjljjJI j»jjc_iJI cLZjJaj (_gjJI jLiJI (3^- ,tl 

^Ijia^jjj Jj-Lal—La Jl^>.J w 1 C «Lj_)Lj J_aI ^a_*Iu JU>.^J Va, iCj1j->JLl oJJh j£\j-a 
CjVL>JI (_>^»J i-LILus OuL^ (jlj . 3_ja,Lia-Li!l CjIj_>J,I j^lj_a ( _ ;r 3 4-i^jLi. tLa-Laj 
cLuj^ Clol^s. I jja 3Ja^L«x. 4jjl i ca-U CjIj^sJ, ioLjILiVI ij^-j' ' (jH^' 

* Ij J_«JI 3x. jjjjc-a ( _ ;r 3 £.23 L2JG jj^^/I .tl 3j_>J,| jj| . 4jj^c 

S_«_Ju^LI jaLk j ' • ~ a (j-Aj iM87 87 a 3j_>J.I p . ..I L^-ilc Jj I La Virgo 
3j m i nil 4j>ji/VI (jl dJlaJI »l air 0 >n; JLa jlSj .3jjj.>IjJI Llil l^jJlII j 3j m , ntl 

a JLA j^)-a ijr 3 jL$_u iy&>_9 P^?^' ^ ^ ' C*"*"^ < ^-O* L*_u] I CjljLiJI £ *J L J JJ 

. jL*jj>U L^SjjJa ^ ojSLj 87 j» Sj^J.1 (jLa j-aVl (jl^ lilj .Sj^>J.I 

I 3j^?e_a 73 ^ILr»o ^ Ij JjlII <Lc ^_<iJ?E_a ^jt j-a] 

Lj^Sj (jj^J CjIj_>JLI SjLo p la « a (jl ■ La 2^ J-><-> V Llj| iSjL^la Cjtjjca 

.3JjLa 



<— ij flj (jj* 3jjjJ.I 3jUI jL JjLUI i^IjII i^jill JLuLlII (Jj>J 

( _ ;r lJI ^jjclII ( _ ;r 3 sLLlSIlII j-i^sLulII Sj^j (_J jj. (3^-^ (Jj-Ls^j (j-a (^Lj i*ljj-<-ii 
4 LujL?E-a j£j£t i nfl Jjljj jjr-til ^j?e_lII tiJJj <U-aLitjj i«L>. jsr- j Mill clLvj^ cJL>.^ 
4JLjjJaJlj . JljJlj>JI jj-* ^J-^J^I j-i-oLutJI jj-* 3 4_LajLo l t-uiJ -^1 
( _ ;r i (JlL«-jj ijuus[lxi\ aJJt L^j j i '"i^l <X£ ^>^xud\ aJJt (jj^J (jP-II SJljO-jJI 
J^s-IjJiI w a a :(_gjj_iJI ^LajjVI 4-xLa-c «Llj| (<u*-l!I (Ji-l-5 j-i^>Ll«JI j^iaj 
«L>.jJ jjV .j^jJi,! J_Lc ^)-<-u! Igl l Ui^J f 1 ^?-^' Cr'j^' 
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. (4j^Lo «L>.j_} ^j^lLo 100 
^jIj^j Uj-L^j it j^_JJlj (jy^u£jfil\ ^Lx^^ 

(jjl ^3 i_La_i^e_i jj^l^e-il 31 j-tJl-i V m_La ^j?e_tJ1 ijr 3 i_Lb jjtcJLo ^aldJ CjJL^j 

^Lb '< i .ill ^j^^-* J^** (_>ijL<i£ljVl ^till j^Lj jlj - ■ U« ^tl 

i4^-jj (j^oLa 600 ijr Jljj>. ^jJI Ct"^* -^J-^L- 1 £_j2jjj 4_tial_j 3j1jj>. <L>.jJ 

!_(_*_! 1 (_pa * jj ^jSLiL_aJl ^1 «Uj_>»jj (j^-?" '-"^J * I (J^LflJ 'j^jj i4_jJL>.ljJl 

tjj-tLa 2000 ijr J1j^>.) 3jlj-_>J1 4-^>*j-} iJJ _3 Jl_jju>. ^Lojj! I g *^ £3-y o^^**'^ 
j i ill iJ_jl_^J! j_>J1 Ijla ^1 3j1j->J1 5j>.j_i ^Lajjl jj-* (^j-'Wj '(^J-j-* 

J_)JL>J1j jj-uL^—LJIj (J^Lj_tJ1 1 g *' a t 4-Lj-SHJ I j-u^LulII jj-* L^J-^' file j_<jj?e_a 

i^-i^Lo ,^jj?e_lI1 ijr 3 (^Jij-Lll ^LoJU^I 4-iL»C 5jj>.LLa i> J_>.|j_<3 

JL>.) Ljj^>. ^Jj L^ajgJI j^y^ ^-ui3. ^^L>JL1 j-j-t-aJ,! (^jLij j^y^ 
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43l_o- 4jL$j ^yfl jjSLj jl (jSLxj (_gjJI <j-a (j-* 1 j_aSDI j»J^>tj (j-a '/90 jjeJ 

CjLc jjjjcjs j I Cj!j_>J,! j^yfl 4_uj_tl j^c SjLU p la « a jLi pJL«JI £-a . t I Jauj/ L>a-2j 

i 1 j j j ^ lSXuiXI ^£ Q^^Li (jy^-Il i oil * <j^"<t1 JJLC ^Jjtjtj I J_Aj i«ULLa_a 

1 Lujjcji 3 .' k * J V ^cjJi! j-a^l ! J-A (jSLIj . Jj JUlJI (jjJLoJI litJLjj La-a 
(^JULlj V Lg_aa_>o J I t-Ti (j! <j^-aJ Cr^' ^H>^' J"^ - j'^*-" (jl LtLU 

Jj 2 jOAtl CjLu/ljjJI dilj (jlr cJj La£ i4jU! Sj utc 3 j 1 h i 

4_a_jJLJ1 jj_a J-^l ^ 1"^ (j-a ^Lx- jJaj d * 1 < u jl j-ijjjj £_a LaLa_i 

l3 ■» I I nil ^a^e-JI tfJUk CjjL^ I jl (_^>-J • (jl'vj I .lljJtjLS/ JLS.) jl_L$j^U 3j>.j_>JI 

ijr JI se j J (jl jj_a L^jJlqj La L^jLo* <J^L>. 4_tiSLll (j_a J-dJ2j V tCjjJj (jy^-II 

. L(JjL?e_a (jj^. 3_)i <Jii-a_l V «LLlLua d i i u t ClJIj La ^jj-^-S t^l-iau-u * laJij 

jj? (j£La_tl <j_a J43 tSjjLLJkl j_ui SJjVl VI f> JLa-" 1 n't pj (j^' ^1 
j] ULj-Lc <■«■>-* Sjj-jo^LjJI Jj-jj-Ia ^3 Jiaj-ui Lljj L^j t^j-J ^Ljjj-Ls i^yjS a * 

i3j-jIoLj_a ^l^j inll » »j agJI ijr II j la III i4_dJdjt_a d j 0 \c JjLi.uj ^ JL^-**t i n \ 

i(fiLj_jLxJI jj-a ?.j-^>>) fiQjl_A fiLcj-*_uJ ^ ^ la * ' J j^^a-a^j Jl^j_o^l < 1 2j II ^ji LILLs 
^1 » i"iVI (j-a 1 n" t Lutj tL^se b (jl uioJI (jud) (jSLaj V IjUtj 

< 1 5-1 _}^!_j_a ^ la >J ^jJlj i ijr i^SLll (jl^jiaJI IjLA (j_a j ' ■ a * jl (jSLa-i 

i ( l_b^_lj-j^_*_u) JLjJLjIo jl »**n ill (^^3 p^>*J J 7" ^ ' ' LaJU^, cUl p U t (j^ 3 *- 1 '^-i^- 1 -"! 
jl (j-SLaj ^1 < i'iVI ,j^a (j-SLIj ij^j-ll »j i^itl (j^s MjLa IjJ^S (jlUj 

. S j L^_Li p^s_u3 p->»j 3J L>. (^yb i Sj j j^ cj Lj_a£Li ? 

^-ilaj ' * ' a-iS d * jl I ulr 4^1 J 1 nil I JJt t— tJ^o (^y^-I 
lilj .3L5c_3 u 11 a i"i tl j_ljsJLj pu jJj (_p3jVI (J- 0 - :>, - 1 
, \l ; , ,, LuLa isLilaLiJI 4jljj_iJI (_psjVI 3 Jjj-J 4 K i"i a (j^, jJajJI I * ■ ^- Lea c 
(Jjuaj duL^ La^ t(j n a Mill (J^>- ^jLciajj jl J_a jljjjjl (j^, ' tl&jpLXui L^jI 
4_uiL>- (Jljlj pj?" 1 na Jai. (^yS (J^-^V (jr^ L^jlj nj^ i 1 nil jj^j^Ui 
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( _ T i CjJ-zr j t ,1 4_cSL!j i3j_»l/Lua I JJt CJJLaj (j! J-^J^-i V (j^t-ij • ((j n a utll 
* i Lij I 4 jj>. I i ^ r L»_4-ij . Lj^-LcaJ (j£. jug Ml! ! 4_l3 w aj sej m£ jj 1 dt^ ^aJ 1 j"^' 
clij^O JL^ (ja--£j (jl ij-jL^J (^Laj ^^e-i (j " « uill (J^>- jl J-ll (j-^ 

(j n o miTI 4_ul}L>. (j_a jji jj>- I (J^oo-aj 4^ *" i n ) m£ jJI C^aJI jJb I JL&J 4 La 
JL>. lj £ ^\ i uiVI (j-a Lc _aj 4-uiLalI .i! JLaV! I (jl »^jU" , „\j 4(_p2j^U 

. Gravitational Radiation ^ jL*lII ^LuSiVI 4-JLc jlU\ j | (jSLaj La j.* j 4<Gli 

4jl! Ls^LJJ, I O-u uli£l (jl J_La - ta 3-j t JL2 . . V. tl i d j a i ,n (_gjj| ^1 » mi VI (jl 
^jLjtlll ^1 < uiVI (j! ' a uu^-j (j! 4-cSLal JL>.| (jj: La (jSLIj 4<ijJjJI (jlr 3jJLS 
(jl liJJj 4 ( _PsjVl C-^J^ <J>^ SLljJI JLjS (jJL: oL\oJL>JU s L2j ^ 4-a-L3 <U 
j-jj-J V 4 !jL>. ta JJ I a_i-a-La j_uJilII (jl Lalb 4 (_Lj^ Lg-La JiajvjJJ 

3j_j_l£ ^ j SI 1 a all j»Ijj>.^L! cL-uilllj (j-S-Jj . (_p=>jVI i_i£ai? jjrLc J-^'j (J^ 

^1 * Ml VI (JJJjjj (jy-^-Jj 4JJJ^ (J*\ Ml 1 3j3J_a L$_i_U 4_J_0L>J1 3^9 J < 4pJ?e_>J1 

S^SLII j«i -r ~w (jj-SLj (J-jLj* ^-^J Cr^l J^*- 1 ' * J Cr^- 3 ' j: ?^' 

4_o*Lj (j-aj 4 / p=>jJLll I JL^J I ' ' aaa* ^ v^' 4_iLjlLJ (j^jl i na» ( aftlV rt jl 4 4_lUdjV1 

S-jSI j»|jj>.VI (j-U (^jjLlSO ^1 < Mil ,j£. VI <-St j't (jl Vl 1_4^*J Lf>*"' 

(j-a jJLLegJ (^jJI ^1 ♦ Ml VI ^OJ (j£, LJI J_4oi (^jJI Jojlj LlAj . I Jl>. ^j?e_>JI Sj-ul^ 
Ll*2J (ja£L)J jl J ctl»_>o ^se-us jC^e-lI 4jjL^ 4jl)JJL>. (jl ^LlII ^_a 4jL^_La 
^1 ♦ mi VI (j_a 4_ti_ulC ' "'I Lca-U j J LtQJ Jl9 (_^ jJI t fljJUJI j-uJtHll ^Jt I JLAj 4 Jlaj-ul 

>(_ ;r <iJL9 (jjl 44^Jj < " « I ■ V» w 1 1 4>JLA (jl£La JJLaj (jl g-J^aj • ■■ ' V Lul Oio^-J 

«L>.jj mj ' ^ ^" I (jjJj Li_oLtot>. ljL^>. * (jl ^ I* a 1 (jl (j£La_i M^J-I1 Jl-o^^oJI 

j-Jjb (jl IjLifc JL»J I nlr j . iIjL&LjoV! 1 aijxjl (_yJI 4 JJ"^J~ (jlSLal jjs 44_cSLa^3 
j_ijj i_iijjj^>. mj S! I a II j«JL«JI Lal_aj 4Ll3 La IjUkj 4(_LaVI LjjJLaj jL^>JI 
.. I Jjl*~ J 1 tr^' t r J j' j: ?-^' J^^-" C^jl£j 4 1969 ^Lc (^ jj^Lj^a 3-«-aLaj 
4-S-LiLJJ 4^^a_L_LaaJVI (j_a 4_C J * ' aa rt 3j-ul^ 4_jl jia 1 J-JJJ ^JL^-**t < nl . 4_L& J_a 
3jl jia 1 (Jli (J^ls J^Loj ' j-o' tHJIj^ljJ L^g-La-4-4i (^ 1" a i j «l ^Jl liJ^Lj-uLi 
iQjl jla 1 j3Ljj til4_ijt_) La_a_t-£a_a j L^_>J I 1 JLA (jL^t) 4 Ij^a I j ■ Saj c j ' a < ta *j lj^-a 

g I L^aJI (j_a 4-ajLaJ1 CjL>.^aJLl 1 ajtxla Lj 
d j Mil 1 n-»JI (j-a jLg->J! (jL^j 4 1 j lc i_aSL!l i_ijim I (^jt 4JI1L1 jj jJI 0 JL&j 



228 



^*_t_<i_>- Jo LoZlI 1 4_t£La 1 jJL3 i Ju-a 1 j L^>J c LLj Ll! 1 4_u_u L_u_>J 1 lLIJj c-xj-uUJ 
^•j » Jo VI cjL>.jJL Lfuj^iij 1 jjt l. r w ii jlsj iQ^UI i _ r s J UU M ^^ylLl t CjLlJLljJl 

j_c L^-t-tTo jj-o *— ij-SJ Li <Jj V 1 j L^>J I (j-* j-^r^ <— ^ i ^ Je - 1 , - Juu cr^" * L)*^ ^ 

jj-o CjLLo 3Jlc ■ U-^V Jl^ <ui 1 1 969 ^Lc j-^fj o-^li * U5^' tly 1 
L^_iLj 1 j "■ flJ V jj g d * uaj ^JUa t^j^ 4_i£.L*_iI/Vl CjIjI^ La tlaVl 

(jj-SLj La J-^I O-iL^ CjljLtfl/Vl £)1 L-L^a-il «U ^-tiajlj t3_jjl_L> CjL>- 

^Lt-tTo^L! 3j-lL« <Lc-t-u p-Al OuL£^ jJaJ . LtJj^?E_a j^j-a ^^1 jj1jl_^j>Jl «L>. La JlIc 

^£ < La ^**' U J i^Lt ^Ljuj t 3j-o till i 4 *-^- 1 ^ ' LlcSD <j-a J^l 4_Lo Jl>.1jJI SjLo 

^Iji mi VI lo^J 1jl>. 3j-l^i2J1 2LUaj_Jl i> jlaj , SujIilJI ^ JSLu-u 1600 4jJu!s 

jl jL_S_a jJLlc3lXI m^oscj J_i V 4jI ijr ll j-uHlj t4_i JLi jJI oJJt (JlLo i _ ;r 3 

4_Lo jJLjuo j^J-ll i^jLSHI JuJl^cIu ^ 1 «jj d K mi a LilLUI »l a Ir ^Lat ^^^JJ 
^ K tl jLj_^_jVI 1^1 iLitllA ^>'J-^' 0^3 i c^ 1 - i ^ E -^' ^L*-*iVl 

5_jL« j^jJI (J£^ Cj Jljts_j dJJ!i (jV i Lbj_ij-jj_*_u jL^tAjV (^Psjju Jt^ (j^^-i (0^*_(J 
i>J_Aj . ^LjI i '-»-JJ i (J - ^ ^J— 0 Cr-^^ ^L«-*H/V1 (jf J-JJJ ^JLjlII i_La^>.V La_Lu t^Lc 
-p^ (jl 4j>»jjJ-j uaL>JI o^jJI 4jT 2o^- Ij-u^ diiill cl air Cjj-o^ 5 K Mill 
^ I r .2LfloJm S-u-dJ-JL^Jl 4_u^L>Jl 4jjJij julj ^V ^IjLjlL-uI Cr \£. jl^ 

JL£ t j^LnQ. JLqojJi SjLci ^ ^ ^pajVl a I JLjblIuj I <LaaL>. ijJL>JI 

. 4j^IL>o m£ jJl ^pjjj-tTuTJ |j r I ' ^ j L^aJ I jj- 0 J-^-^-Jl jl J-SJLl tiJJii L^jLtfo jj-* J-^- 1 
j-_a_SJI ^e-La-m ^ 1 J_lJU>. jjLoO. jU^2ij-a ij-aVl I JLA ^^^LliJj 

(J-jJLjso p_n_i (2>^-Ij - r 1 L^ajflJI ^L»cl (j- 0 ^^L2il !i L^eIlI 1 ^\jl.Cu V 1 4_<_u1jjl1 
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^ d$alf Udrf <JUfa 

lilt fljJLia/> ^jLjtll! ^1 < uiVI (jl i liujLs. liiiill »l air JLa 

. Luj^>J, (_gj^jJL! «.j_>J! i_ iJJj j-Aj i jl>. jl*jI ^1 (jljjjJ! £jj-<-u (JjLa jjj-uI 

30 ^jj-Jl 3^>« £— LxJ (J JjLX-l i4jjL>. t (j-* 3 » IjJLlLl JlJ ^J?e_l11 p J**' 1 1 4_jt 

i 'I 1 " j i3j_>JU i ii a ^ «-*fuXI SjsliaJ! jljJLa (j-u (jlajlri 1,1 (JJ-^J'j 

.JjL^J! jijj-u^I t_jL2iU! Ijut o'jJ- 5 U. 1 ." "J 'cO- 3 *^' <ijLaL>oV! ^ *j al 

£_Llj J)^_i_u^1 < t-djLtl ^J^>.1j) 5jl i ii -»JI (j-* ^-q^?e-a ^1 ^J)J3 j-jjj tjL^ 
4_u-u Q^jIj jl J-a • (J^ ^i>^ «LujiajSi 4jj£ i—kJI ^1 _y>. 

' lil )l ) la uol CjJL>»j ^jLi cILlq^ 5j1 i n-»JI 0JL& ^JIlo dul^ t(Ltjj^?e_a j-ax. ) u*£ 

.j-UsLsJ! Ll13j I j~ la 3. y a ' l-^J^*- 0 

i Luj^e-a j^J-° e»"^ (J^W Jijj-u^I ' . ■ tul\ I Jut Ay^-J JLaloJ (j fl '_' V I Jutj 

.SLjjjLje-a oljlj ta 4j! J)jjj/V| i . l21JI Ijufc i- i j i n_i 

jlkjjj jll^J! (j_o LJLc. lJiJlIj iJjLa ^Jji JSLcu dJLuk 

fiLj_uajVl Sj^LII ^t-i ^ j a 4 jlaLJuj ^jl j^)^- 4 - 1 'j^J-^ (1)-* ^- J ' J ; "' ^' 

(jrt^-jlj J44JI Laj t _ JT _iJ 1 4jjjJ)!jJ! CjL>-jJI! (J^Ja ( _ ;r 3 4jJL»o (_gjJ! j_uJil!Li 
i-il^tj la .UVI ^ya oj_lCj IjUkj '0" 1 j" ' 1 11 21 IjjJjJo 4j^>L>.j) 
Jal uiilLi s^^yla Ljjjjc^ j^j-a tj'r 1 JjLSJI ^Ij-SVI JUp i4j_jjJ)!jJI pi 1 a j ill 

Naked Singularity dja&t jSjl' 



2J0 



jl .jjjj 4 a uu£l ^jJI (^jjbcU! ^U-J^l LUajij ^(^jSLII jLulIIj jLilt 
(jlr lLLSJI (j-a V^Ua w flL Lxjj j 3.T j j i jL"=jI (j^ 1 1 J &ljJaJI tfjbt 

JSjjjjV! ' JjgJI \jjt> -io^>"J (j-a Lal_4-1 (j-^_ajlj (j^-^ j ^! i J^ J J ^J-^- 1 

4lfl>j (Jj^ J^-^ ' *a , JjjjjI i _Jjj ^JJ I gj j Sjjca J^tjj (jl Sj^La Lai 

S_u jL>J! ojL^ ^ia iCj!j^>J,I cjLc (j-u Zu5jX\ j-jlL 3 jLU (j-a SiSLt 

JLt-£5j (j-*J * Lfl> J-d£. Js3j»OjV isLt^L^ j-LC i LgJ^mJ ^jJI Cj1j->JL1 file ^-qj?e^Q J mi" 
4x.^a-aj?e_a ijr 5 p taj *" V l_$j| ' gajj iCjlj^>Jtl (jja SJlJJlC J)j i"i-w 
. ^Lt3 ^IuJij (j£-«-i Lx-a SjLa ( _ ;r Lc. (_gjj->«J 

i^j^ jLc. jLc. JSLJu ojSj jls cjIj^JLI (j-u 5jjj.II j^. SjUIj 

SjUI oJ_fl> (jj-£j JLSj I i eaj I (JLalo-l dJLut (jSL!j »J ' II 4j^L>. Cjlj^ca 

j-i^, 3_}La (ja£Lll ijr 5 tJL^- 1 * ' "11 * >j ^",tl ^-yj jJLC (j_a 4j^£Lo 4_loj>J1 

(jl 1 s \ \ ci II »l n Ul (jSL«J V /<u <j-aj L^-yjJ <j^*f SjLU (j-a J-^l l< ^J-° 

.aLc J'n i?uJ jj^-!l SjLtl <tsL£ r U , „j" ^ 4j3JU IjjJLaj 
^ia_aLc, ^LLs ji.^. ^£| ( j^. 5Jj)J i ntl (^j-A eOJ i nil » »j ^",tl Cjj jo£ 1 JuLJ 

J_aj (jy-jJI (jyJ* >l JJJ-oJt t_1^2liJI (_L* »l a U II (J«LjlJJ iCjIjjl j£JL^ jjSDI 

dJLut jl Li£.j i Jlj i ntl I jbt (^i^. i^f^tj .SSjjLtaJLi vZjIjJIjSLII 

^^.3 iU i i.i* (jr^" -ilj-tl (j-a '/.43 (j^i^- * 'Jj^ (J^'-* Jj-""' 

J£ oJs>.\j 3 jin a mi 5Jj^ ^>LuLi LgljjJu (jSLaj 3jLl=JI 3JaLLaJI ojutj i4li-lj 
l_uL>. liJLutJ . Cjljjl^SLII 4ijLLi j j ■ gill I JL>. 4jLia J-JJ-»J 'l-^>- ^11 OJLflsJ 'f""^ 

. jjj?E_a j^j^j J^>.J jl£Lal jVl < p ^>- 4 mi^Lu ^o-I-g, I inll * <j 2j 1 1 J^>*l 

JJJL>. (^jis ^J?tlll (^aidjj Lajj^, 4 j^oS^Ll CJJL>JI ji (j-a Lt_u J^tU 

-CjljLii/l 4j! (j£LaHj (jja i( JlLI '^'jj^ a ui J ^ a ' fl-Laj) (^jLTtlll ojJ^S 1 ^ . 1 
LajLa ^ (j£LaIu (jj (j-aj i iJ3 J>.jl_>JI r* I L^aAJl (^jJI ^jij^JI (j_a-L^,^_i jL'i Lit 
. ^aa-u^/l ' JafLlI j^j-x SjLaiJ julnitl (_^alajjl (j-a 
(J^Ll ( _,U<a Lajb JJJ-u^/l i—JslJI j^>a jLfl 1 ^Ixj^J 

. LoiJlj^jj (j£Laj V 3Ja-^j^a (_gj^>>j (_^lll iiljLs-^/l 1 aj 1 ■■ Ij-^Jj 
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Symmetrical 3 . n \ 7C\ a 4JiiL*lo Lajj>j L^Lai (jj£j cA" 

SJjLCLo j-i^. 3jJU_i_a (_^ai5j jjl cdj^ miU jj- 0 lA-^J * Collapsars 

t>JJb c£llm-A * Jj_i_uVl ' <-2jJ| j-j-C jCi_4_j £-^J i_Laj>. (j-* Vju w ala* t jSLtTuJ 

Cj JL>> (j-^I (jjJ (^^(j^jLc jl) Jj-J?e_a L_al mi l£| ,ji L<ij1_i JLSjj 

White - 1 tia-LjJ) l-jj aflJl p < nl L^-jJ-C JfrHaj j^lj-U i? JLAj . JjJL>- ' 
(^A-jJLi -ij^>-j w a *j Lo ^"1 ui mV <LoLjl!1 4-lj-cu-lII d-jj-lilll tjr 3 <j_ujJj .Holes 

Sal LalJ I Ltji^>.j IjjJajH^I JLS LillaJI »l <i If (jl 1 I ■ '^J.'^ 

2 jrij^ uJ Models Sji^iLjjJI ^iL*l!l 2j Ijjls-Ij iCjIjjljSLi! SjLjJI 

. L^W 

'"'I ''-^ ■ '■ j ' i ( _pjl lExploding Galaxies a * 1 1 j<u-ul 
(j-oj iQ^SLII ^1 L^>-jL>. SjLil ijjLa u L^jl-J tiliiJI »l gUt C3^'-5 
l_LaJ_2j I jlj . I gla-l 1 r I i-^a-Lj-1 1 t-jj^iiJI jj^a JJl£, Jy>-J »l oUII J-^-J J-S^ («u 
( _ 3 -a> *l JjjjJI t_JjjijJ! (j I Ljjl i"r I ( _ ;r 3 i Lujii3l_La ( _ ;r 3 j»La^/l ^1 ojjaa. 

Jj_LLa_i (j-«J (j^SLlI (^jJI (_£jj>.| S^LLI j^^jG JLtAJ 'I LcaJl ^l_Ua_u * i^Sj 

.Cosmic Gushers ^LujSJI cjLlajdil ^u-j 
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.SjjiajjV! <_ ' (j-o (jj^jilj (__All S-lLU Cj«L>- (jj| (jji ".JIJjj/ jL\j jjs LutJ - 

•.jj^IUls-l LjjLck:! ^ LjjL>.f I il tjlj . nil I jut ^^lc J-iL^I <jSU-i 

Ul «j? La?- 

. (j_aVl tjufc CjjJLs. (jlSLol J^Jj 4-lUsLjj ^jLx-i (_1!Ll&j) (jjSLJLi (Jjl>.| 
1— ij A 1 1 ^^.a S^HI w a " se "' j<u (j-aj ' Lijj^ J-i^- J^- T Lij£ dJLut (jl jl - 

4<GjJL>. (jSLa_l *-L*3j| (J tj^>- I (jj-^ ^J-* (ySjCjJ i Lij^SLl »1 J)^ I nil 

1 1 1 1 a j JLaJ . Luj£ (^jCu ijjs-VI (jj^JI tr^ L> "~<~*^ C^-" S^UI (jl mJI 
1— lj A 1 1 (j-C J-^- 3 (j -3 L*LLUj Cr*"" J^ 3 ^' <>J-& (j^Jj 3 ^ Cr'l LiibtJ 

(jjiJI 3 (jjk La Jila iCosmologists »l ilr jj cJlj La ^ylll 

5<d I ■ A" , ,. ^ Laj JjLv i_£t_j£j 

llLLoJI »l n lr L^UsjUflj (_ylll jLCaVI o^*-? 

p"i j mi j_ai 4 L_ljj-_>JL Sj J » ill i—Slj-LaVl (jj-Ilj O^- 1 J ■ oi 

J" n" 1 n 1 n II i_jjjiiiJ! (jl Lajlj (JLSj (JL>J,I I JJt (_y3j . Jjtjll J 1 eu mXI 

llll «Lt2_t2^t_a 3_jjL£ L^_)l ^—ual^JI (j-aj i^^E_Lll (j^- 1 1 ntl (jj^Lc ^jj La ^ 

4_LlAj_uJ1 ^L^lUI p**M i 11 j l^jJI ^ 1 ^^-t-u\ Lu2j pi L^aAll J I *j Jl>.| i_^jLuo 

, Ji^jk l_A^Loi.lj L^Ase 1 --J i L^-j^ (j-a-i 
»l nUt 4 K i"i a Jix-l V (^LuJI ( _ ;r aja_Lll a LtaJLlI ( _ ;r 3 *l JjjjJI t_Jy2iUI (jl 
.^yjjj.! (O^till (jlr 4jjL»o (_ylll j-J^I (3i>^ ^ j * o^- 4 - 1 iiiiiill 
(jL^ Ijl VI ' Ij-aJ-ll Jj_<j/^/I <_i 5 ~ 1 1 S-JJJ (J-° f I Jt| jljj (jSLajj (jj (j^J 
(*-* 0^°J '3^aljJ (J*C i"i fj I c 4_L>.lj (_yJI j_3J_u (_yJ.II jljll 3_iLajj»j LULx-a 
iA^5tlII (jj^al 1 11 U - I ■ All jljij ( - _ r L^. Lajtl J \j Laa. (JlLaj *ljjjjJI t_!^S!iJL3 

. Lipjjj (j$L«-i V (jLo.^/1 p La « a (_y3 4j^/ 

(jl LijjlI! ..-I i^aAll (jja SjL^Lill S_JL>JI oLxLJLl dJJ3 Lij^jG I jl (jSUj 
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l_Lu Li^j . 4_il_iU Sj^Lj 4JL*_u_a ijr A ^^Lc ^*_u g I ' ^a jijlj ^1 jila-t-^! (JLjlo*l 

*C j j Laji_t£. L^jIj t<L»ie-LgaJl ^j?e_l1I ^j^SLHj i all » «j 5fi 1 1 ^jLs 

. -ijlj 4_cSLJj I 1 aj| I JL>. J-ilj J-' 0 ' ' ■Sj-u'l t_"-2j (jj'j-J ^-jjsjJ! 

CjL>- (JSL»i (ji^- iSJsLlaJ! (j-a Sj_u^ CjLui^ (jl i J i a all I JLA ( _ ;r 3 l_Lu jJsJ 
(j_a £_3J_lj (jj-^-II S^LLI (JjuLi i nil * *j 5-tj| jj L*aJ ^jl (jSLs-i a_ujl_=»o 

4JL1 diiill »l glr Luj jJia I j^J .5_oljj jSL<i (^Jk. iiji^JI ^\ J^Li. 

-3jUJL>. aJsLLs j ^ 1 a g ^Jl ^1*W< < u ^ a JuuJU Lo^^J^jS^lJ 1 ^jl '''■^-^J lSj-uiXI 
(jSL*j ajLi « LjJLkJI JL^J Sal tall MjL* I J 1 ' -* " i .ill i ■ «j *"-tl jLj^.1 (jSLxJ 
* 'j 2 j 1 1 (j-* J >l ' ^ II 4jy jjL^jJ1 ^1 * mi^M j-j^jHj ^j?e_lJ! (J^>- d)VL»_a i _J_<a_c 

' JaflJI 4_u!iL>. j-jjLj ^J* d i j_i Lo ^jLcj-i-o 4 ji^_t_u^M < lSIxII <J^>- c_ <jt£La jLIal 
2alUlt j 1 , ^OtM „l (jSUj^iLjo ^1 < uil j^>-j (jJJ lS-^ I 1 jjj-uVI 

2 al taJI ^\j-ir ~i i nV i,_£j^>-l ajjjjja (_>"jlJ-J J-*"JJ («-JL«-JI £>^l 
( _ 3 jJI (j^J (SJaLLaJ! tLalaJLa) j jri i n^a.jVI (jLi iSjIjjJI «IjjjjJI i_ij^!iJI 



jjSLxj 4jl_] I ^IL^j i^^l 1 11^ Jijjj/VI <_cSlxJ I ^1 Jiitluj/I »l nUtl j^'a 
jj^-J S^^LkJI (jLi (Jj-S3 d jj 1 nill ti> 'a .j_LajdII 4ljLik <LLl2^ Jtili uj (jl 
<Lcj_u/ 0 (j-^ ^ -ijj 1 a a 4_LjSLII (_gjL<jilj 4^LLaJI (jl ( _ ;r A i4]jSLIIj 4^LLaJI 

.^^J?e_Lllj (j ml Mill ^1 « Mil 
(jj/j—i) (jQLc Jl_3 t 3 1 "< II j 2 al U II (j^j 2J3>L«JI ,> jut jlj-c. ^ I r j 

' 1 5 j 1 1 ^1 jlj>**i i nl (jl£LaLi 4 Luj^ojJ l£Li (^^^tjjSLllII j ^ * 1 1 < h^JliC^jjj 



(jLa iL^jic JclsLJ! ^Lt^i/VI ,j-o '/.99 ,8 (^Jl^- <j-« >£l o-"^ cr^ SjjLUI 

' i Soil La^IjGjLi Cj!j-o p ->■ . W« ^ji CjLcLjljIo^I £JLA CjL>.^_a 

. £\$J-*& t^> 1 ' ' Soil 1 
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S in 1 1\\ ^*&\ 



CjJL>J! (jj^l La ^aae-iSi (Ji- JLj (jl La (jSLJj ' ^^jr!^ 
3J (jIL^j 4^jL>JLj (Jl ' d j Ir (Jj'* - " < u i c^ 1 -** 

!j(j_aLc.J » I Lta-flJ I » I a-Lc a » J «LcL»jlJ! O-Uji 
£jL>J! ^ (jjjJ! <j^3 i Jlaj-u^! (_^2ill ^Jl Jai.jJL> 
ijji-l jJ! ljJL>.J I j>La (jl I Jul ^jU" i n't (jj 

JL3 (jjSLj lj' (_j 1 "<* La (jitSLij (j! W*r i ii i V j<u (j-aj 

(j-c jVI (^a. JjS La (jLa i JL>. (j£!j 
L^-if cjLjJ^j I j i i u! La-il iSjl j *H ij^c_Lll 

joJ I—LlSLIj i s I Lta-flJI 3j_u^ (j^Lal ( _ ;r Lc. 3 ' 

(j_U_fl_LJJ . I J .lliC !j-Jul_U3 Ijl (_£j^>U (jl ^Laj I * 

lj_»l/Lj_a !jl_i_L>.! (_Lijt_ui (jl LuSLaj ii_iaijj/^/l ljufc 
(3 1 <" (jr-!' C-iJLaJ! 1 (_Li-!^ I j-A (j ii ii r . I ^jlr 
1 r i £] 1" LljLjj_Iaj ,3_i_lLlLi i Jiaj-u^/l i_Ji_UI 

(jj *C " iii LjjLSLsI (jl (j-a 3 d 36 **' H ' * 

I j'^tj ijjia^LiJ! e-iJjJtJI (jLCil I JLA ^jjS icLa-jf ir-i 
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jl jJt iCjJ_>J! i La • j ' Lajiix. 4^jJU La (Jjlj • .Sj-u/VI ' _i Sfi II (Ji-!j 

i_^JlJI r j ' ^> 1 1 (jl (jJI £^>.j_j IjUfcj ijj-alo-l JLS aju^Sj i_gj.II Jjjj/^/I ' . i Soil 

. jiff j| i___3 _jj JL3 (JJ^J ^'-^ J ' 1 
2 /'I i^aAll OJUj-ajJ Ji-l-i i}L*£ LulSj Jl3 LuliiJjjj V jJa ■ *«jU I juk 

3^1 jjL*n> (jl Lo (jSL!j . Li! 4_uj_o j-^c i.'it i ir-i? L$j| dUi ioLsoVI 3j_o-j 
il-i (j I c Lj/Ij LialiLa LtLc iJijj-u^/I * . i afill j^j-a j^fl cr^*" 
(_g^L«JI LlILc w . jLCU £-a (j-aj-II J-aJ-b d j^' a JjitHj La t_!jX.I (j-a ULc 
jjj Jaj ,"i \ , - 1 . '--> A tl i>l_>ij| (_g| ( _ r 3j 4jjjtj dJj^tlj (jl LuSLqJ i<_SaJLtl 
4_j| j<uc.j— !J i Jljs-Ij oL>ol ( _ r 3 Lijl J j j i n_t (j-ajjl Lai . 4jaLLaJI LU j^^u 
Ij-ifcJ .jaLaVl jjJ^ |j_il j— «-> "ijl VI CjJL>JI j-Sl ~ La ■ ■■ (j_a t_!j_i!Li j La jj 
iJ^LLaVI (j-lc »j Laj ■ u LcJ V tiiLi^S iiliJLsJI ,33! Jilj LaLaj i..lnn 

. . JloujiVI ' (-SUll J^j-a * jcjl _}J (JjLffc (J*C mi 1 * )JLa=_U (j^t_t£ i LllL>.j (_t-^- 

' 3 0 c 1 a 3 0 c ^ * )JLa=_u (jl (j-a LI1- L 4J (jl L^i_iJt3 (jSLa_l So^S • Vj 

. _5a_<-uV1 < lSoJI j^j-a (^jjs ^alLa-Jtl j J ' aa U (^jJI 
(j-a t_!j_i!Ll 4jLLajl (^yi l_u i hTi (_yjJI (_Lal ^J(J! (j-a (j-aj_JI jjj^o (jSLal Ijlj 
La^ .iau-uVl I Jiftll j^j-a (^jJI Ll1L>.j (Jjt_r»o jl (j_a Lt ^ -o T j iCjJL>JI (3^1 

icLaj^j 4x.Lcuj (Jj<L2j (_£ jdl J-^J (_^L>JI 4_Laj (Ja^cJ LLa ' L ^i> J 

1 J-A 4_j_lL!lJL3 . Jla_i_ul ' (_a_u CjJl_>JI 3^1 (j-a L^jj-oj Lalijv j-jjuj (^j-Aj 

. Jljjlj Jutl uJl (jjl jiiJ! (j^j^La JjL«J ijLdl 
La LXLalj I jl i Joa-uVI i_cSHJ I (j-°j-^ (j ^ 0' ^t^ 3 -* ""J 

jl .vIjJljJI 3-^' 3>^ (j -0 VJ-#t? O' Jj^-^^-d LaJlJx. t j_UaiI CjJLaj 

La J_x. ^Lila jL&Liij La^ «LuiL>JI (_J ^ 4_iJLc: j-JJJ (<U (j-aj i4^LLa *U « j-iiaJI 

^ j <>»t | ( ij-^j (jy^Ij * 4_ajj-La ^yjl Lgai3 (J * J-t^aJ I (j^a ^1 ♦ mi ^ Ij tt-Li 

3_j_lj|_>JI Sa^ ^ I r <■ i I <"hI Ij^j-v. (Jj-JJ jl d jlr iJlaoj/Vl i_ i?"ll ^Ja i ■■ ,j-a 
. (jiajsLiJI il 3^' (j-Ij f J-^uJ (jr^'j ' W O^J^ 1 ^ Cr^' ^IjL^JI 

(ja£Li 4 Jioj-u^I ' lSoJI ^eJa-u) (j-a * i^j-^JI (jjs Ij-;^ I ^ j-UaJI (jSLalij La JLtXj 

^_a t. < t hL-LHj fi. j-JaJI fiL^LLa jl cilc-Ljvj icLtljLtaJI «G^LLa (j_a j»u£LJ1 JL^S Jl^ 
4_Ua^jt_La cQjJ_i!i j3^J i^jL>JI (^jJI Ij-o^l (J-t-aj (_£J-11 *^_UaJI jL^ j!i| 4IuJ_i!i 
JL3 i(43LLaJI (jiaiitla) -j .'^11 I jjt (j^a Sjjji Sjla.J jl I m>»j-3 jJj . IJl»- 
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^ J-?- j ulj 1 ^ *C tj id_^jLfu_o 3_cL_u d i in ->o (^jJl LlLl!i jj-a UuLij 



^1 f^-J-^ 'Or^J^**-^ O^*^' Ct^I c *-^*'- i CH*3^' e}uu - a - i ' <-«-^aJl (j-* 05^*-*-° 
' (_5jJ| j^j-o ijr ll LLa_iLk ^SJULi ^-Aj L« f^-UO* 4j9jJlLi_uj (j-°J-^ * )L_UJ>. 

oJLU -4_Ll*_o »1 LgaAJI JUu £j^>-a iJJ JI £3J_Lu_u Lut dJLuu 

.^jIL>JU j j i 11 \jJt (j-a Mj-^- 1 o' LlJjLs. I i <j ° '(j-aj-J' 

(jl 4-<-^*-J tj\ j )VI ,j_a !j_jj_a £_Laj (jl JjL>o ^Jl^^ Sjja 4j| (jl .S JjjjjVI 
jj* J*^J i ■■ 4^aLLaJ! jJLi^aj . L^jjs Ij_u G iljijo (_^o- 4jsLLl (ji^. J a" i"i" 

iSJLlSLII i>j-^J <L<_oL*. LUaji dJLlA (jjSLuj/ ,j£LJj-4Jb£ 4J (jL^ ^1 I ^<-a , ..A', 

jLl^jVI £_ La (Jjl_>«j (jyJ-!! taJI (OJc^s- j-j^ I n Kj ijLj^jVLj (_L-*-»J ! JL&j 
1 Ju t j^^-a-i jj-^ ^ (J-°J t dajLLgal I jj-a 1 Juj-a Cj JLse_l ! JLAj . 4_u!iL>J! ^-J-^j 

.tfljLflJJ (jl (jLcaj'iM (JjL>- I 1 J " I >X3r J I II 

i Uj ^ , ,,11 i uj C^jJ! (jV ijjjsjJ! (jjs 3jH£ Jju La ^1 cLLl>.Lj 

-(j ii n i"ill sLt^ ' iu-Ja (j-a M^ils jii^ Jijjj/^/I I II (Ji-I J ( _ ;r 3 j^jJk! 

^OJ-ul ' i 5j fit_L3!j-a J_t£,j , 3jL>.1 fiLuLU! (j_a (j^_ti_a (_ ;r L^, JL>.lj ^-Lu 

ai^MiL, 

< . i 2j 4jr b Lai , j^jJ,! jLt^. ^Llll j-LajGJ! tjy lL>.j iCjj_>J! (3^1 i k-j 5-uJI (j^j 

4j^Lj i _ ;J J 1 ^oj>. ^jJlLi-uj uLs jJL_uJ 1 j O ^ * (j-u-4-tTuJ 1 (j-o ^_lLo (J-oj I Jl ^_<_u t 

i uJ ijr 3 1Jlj_i iLt3jL?E_a (J^j ijr 3 JjLa -ijJ-ut ' ; ' ^**' 1 4-j-uillu .CjLcL_u 
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(j-oj . LLjla L^Ljjaj jj 4c I i ii j <* ■ iio^j (_gjJI Proper Time <_ . i hLlU Llioj jjfc 
(j-C iijL^cJLi (jl i_il j-iaJI (j-o (j ii j I 4j| LiLLs 1 I JL& e*-^ *^P^-^' wJJL> CaM 
(Ji-I J (^^LUsVI JjJLkjJI I JL&j i4jj/Ll3 d J^J** Lft ' (jl OJ-^ ((j-°j^0 

.(jLClLi (j-ojJI l£1Lla ^-oJlIj t-^p* ji^j-u^I ' t-^JI 

L$-lLc i_Sjblitl (_LLt£ i,j-ajJLl S-i^sLJJI £j< All ^ ^| jLa-l i ,i| JjLtj JL3j 

cijLcI i .1 II I ; fc% ^ V |j|j ijjoa. (jjj jIj}j (j- 0 }-" oi-i>Lj>>j^l ^4P\9 .jjj-uVI 
i U^\l i cjjl>J| jj^l jjjs Lbjllal I jlj t^j-^/l jj i .ii L$j| Li! cjjuJ I jl>. jtl 

„L»JVI ^1 

3j-u_o 3j-&LLb > Ta ^ \l t ^j( Lu SL gJ t _}^j_u^M ' lSoJI j^j-a ijr II < la 2 i ■■ ' Lj-Ljjj 
L^J Cj_*_u (jl LljSLalj i LILlS JaJL ■ ■" r I ' -~* a jj ^ i " i-iiLlA ^jl I i i<ij-3 Jls . I Jl>. 

(j-a (jSLjlLi (jJ^ dJJji^j 1 1 j.^** o' ' ""' 4 j*CI i i.V JjLj/jj 

j_^j_a J"^ ' " 1 tjl I n i"i l]}l_3 . LiJjlj da.*L< r* I ' ** ,a ^j ^ ' (JjLj-uj 4_lL>.l 

^Jl t^a-jVI L_La (J^ *^jt^"i . .. \ (^ySLlj i^jj>.| » I a i cL^£j-j 4 j^-i-oVl ' J&ll 

da-fll sej ^jlj t j jj^ Jl>. (^jJI I Lcaji * I L^aju (j\_uj-3 ^ji^SLi q\ c_t^e_] jj>.VLi 
i-Lgaj| ^Jj jJl3 i ^ h LlA jj-ajJI jj-ojJj . j^jJLl jj-a Lal_4-l 4^1 i nU jj-oAj ^jylc 
CjI a i ii ILi p~ j ) Lj-Luj .^v^^jjJI jujui/ jaJLtJI \jJt ^jjs (5^1 i ii U) f j J " 

^ 'J J 1 a " J^j^' 1 ** I I 'y jj 4jLa iji.1 jJI (j^s jijjj/VI <_ i(i"ill J*C Mil 5_ljjJlII 

4ijL^J| 4_ujL>JI -^-O-J ^JJi (_)jt-a_l (j^e-ij LuLa . j^jJkl (j-a t_!jl2j (j^e-lj 

Vj . Jjjj/^/I i. i ii"ill j^j-o J-ic 4jjL^j V ^ j i -»"■ (_^i>- jlj n" i nLi I ijlr 4ji^I jjl 
J-a_l (jlj iI_Lj_Lc «Lj_ljl_>JI (j-a I— Lj-t-o IjljLfljs VI Jji^til (jl . .. i 

(^ ^_SJI (jl . fiL_J_)LjJI (j_J3 Uj-^>« ^ 1 I j i I Jt^> JJ'^ a (J^L>. Cj jolt l_u_a^2j| 

(jjsj ijL»_JI J_a d *j Ja 1 4_i_tIoi 4jlj_lL3 Cjlj i^Ltiiill Jtjlj ^in^- i^r^ 4-*-^^! 
■ t-AuJI j 1 i* ^5 Ja_)L^JI (^aie uJI (^j-ajl^ c ^'^> x i-ilLt-A (j^s.) 

jj^l cLusjia (^JLc ^^L* 1 " U3^ '«L«Lai tfLoJi^j I ta5l i ■■ (jL^ Ijl Ojjj/VI 
. j£jX\ (jc I jj i ii t JjljI (^yjt (jj^JI ^ n i n"v «ljj>.| 4^^! (j^ 



Jja! j-lc ! jl>. 3j^j^ L^LlILls ojSi ! juj i^jL^j V La ^1 j>lj>jj <Luj>L>J! (jjja 

(J _Lc i<d <tjL$j V J_aia (^Jl p i ujJI JLtj tilJjJ .4i)l i uXI i^Mji-l 

Julj-lU cLa-t^aU ljJ*ia-i i^-^J ^jbj rt*i< nLi ^^AseJj-O^fljJI jj-oAj ijr 3-4jt 

^*j>. (^Ji _}^j_ui ' ' ^" (j£. ^ tjL rH LJ 4jLL VI g I L^aAll JJilj ^Lijt_i Vj 

jj I <* (Jlj-J ^ U>^-^ ' ^-^r 1 i<Laj3- (jl (_Ll2 i^j ii o ."ill (OJta- (_£jLcuj 

4i)l i ,.a VI Jijjj/^/I ■ ■ ■ flxll J-KJJ V (_gjJI) CJJLsJI (3^1 (j-a 3jLl*j 4al i ..a 

(j_a (^LojI tJL^- 1 * lS 4 -^^ J^-uiVI ( lSoJI (jl ^-L^ajj I JLA (j_a • (' a ' aa tj ^H-^ ^lj^ 
(_£l w 1 C Lj^_a L) JLa Ij-3Lj J-jJ-i (jl (j£La_l 4 1 f ' " a jj-a 3 J-a 4jLa 4jr J| j 

VI iijje>JI (jjai ^jLi- 4jL2j ^s-^j v'Lh^^W J- 0 ^ i*LUiAII ( _ ;r a jjal i n a 

1_<JL) jj_a 5Jsl i ii a I c LaJLi^. i(_L«-*j 'Lajjl 3 jjs Clj a" i it) I j)l 

.4_La 3j>^£. V (_gjLJ! (JjjJaJI ■ La 2 i ■■ Vlj i Jj-uil 

d jl^dil tli^JI M$*nlt 

(j I (jSLaj i J) jj-u I i . i ii") j^j-a ( _ ;r 3 jJLj J-Aj Jjij" i mU * I <<i^ J^'j MJ^-? 0 o! 

cjjl»o tiijO. i Rotating Black Hole jljJ> Jjjj/I t_i2j <t!L>. (^ 5jIj-c. 
Stationary oulill jta^V! i_Ji2JI 3JLv) 3JLLJI 3JL>JI Jjt^o Sjljjl*. j-jLsj <U 
»l i^aJI JLilj (jl Lis. . L$j ojjj^ La til i3j_Lla j-lc. Ijjjj! jjLp (Black) Hole 

*Lj^>.Ll!I (j-a jljjJI J)jjj/VI ' . lS1]| ( _ ;r 3 ' La fl i ■■ lj)l i^LaLiJI jLaJLU »"n i n 

j^^-aJI i*l 1 J jJj^jj i» i a IT (J*C Mill (j^ 3 J3-*^^ JJ^- 1 *— ^tP* ' "V ^ 

i>JL_Aj . J)^_i_oVI ' <-S-tJI (j^a-SI t^aj> jj-a 4_j_t-£sL>. (^_A (^yliJlj 4_uL^j^L!l 4_j JlII 
jjbj-ll ( _ ;r 3 j^2j i LjjLjj^^ JLjL>J,Ij KjluLllI J)jjj/^/I <_cS!ii! 3jLjj_iII d j ir-i 
4_il3jI JL9 ijjLkJI tLLaa. (jj^J I ' '^' a J>jlj l$I 3_jL^_L!1 (^ L^la (^jLljj LaLaji 

jljjJI jij_<j/VI <_i S-Lll (jj^-Ij • j)j_«j/Vl <_i fl-lll (j i c ( _ ;r 3 ^<u cjje>JI (^al ( _ ;r a 

(SjL^j^vLlI J-Lu 4_u j)L>JI li^o.) <Gj ir-iLa- (jj£j L^jjJlj jl 4jjLjj^^ 4 hx l 

,^l^_U_oVl ' Laj> jLt£. d Sl> (J*\ Ml (jyl^. 

J^a^u « 1^23 ^ J ^"i m i ii Sjl^UI ^j%_l11 4_t-JLc (jl dJLLall cLJlc 1 2j * 

>jl!I j i". (jr-i i" ii j i .1 (_gjJI (Jx2j mU (^ »l i^irill jliIj (jLa j<u (j^j '2jlj-s 
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La 

j_j^/I jljjJI Jiaoj/^/l ' . ■ Soil ^1 (JajalllJj . (jljjjJI 4^.j_<j/ UjjjG ^yfl 
lIqJLulJ jJI fii LcaAJI jLllj ^jL^-LujLJE-a j«^*j>. (j_a * IJ^-dJ t^J-Il lLLJj ^JlLa-j-uSL) 

,_L& .4J isjLjtj i_gjJ! La_a .(jjj.jLjJI ^«JL«JI (^JJ j^jlj jl IjjI (jJ 

Cjj—4-1 J I Lcj^j. CJa_a-i (j " a. oLjoVI J_lj>.j i_3^LJLI! (_Li-l J JJJ-J J la-J 

tiJJj (j_o (j-iLc JL3 (jjiLj iCjJLjJI J}L>. «LUaiJI jLilj 3Jb-j ,j-a JjVl 

■ . ■ ^ sLa^Lua jja ojSLj (_gjJlj iSpacetime (jLSLUj <j-aj-JI Ji-ljijJI 
jju 1 jl jjJI jjjjiVI t_J£JI 3JL>. (jSL!j . LuLj^ JyL>Jt1 j ouLUI jjjjiVI 

Jai. J_i£. 4-2JL-»JI 4 j 1^-1 La. t_iaj^> jJLi I aJuu ^ajjl JL3 al ■ h all JjIj tj' 
Sj_a (jlSHIj (j-aj_tl I Jj'a (Ji-ljGj "ii-o. SJljJls. ^ flla * a ( _ ;r 3 JaJL uj i^ljjjj/VI 
. 4_j_)Lj 3j_a 4jjJa_u_o Cjj>o s I LgaAll _}ojljj ^LaVl (^Jl (j_ajJI jajCuj a(_£jj>.| 
(jLSLa jLc J-Sa if.) J • usj) f.\ us^j) JIjIj jjj uj JlS 3JLv j_U o jut (_^3j 

.cliljLi JL3 4j£.LLa (jaSij j-aVl cLajis. (jSLIj 'w*^,'^^ joJLkJI d j 1S1J 

JLuajVI cUSLxjj (Jj 1 Jijj-u^/I 1- lSjJI j^j-a jc jLkjjVI g^ilaj ' (jVI 1 LaLaj 
<LSJa-lX I (J^Li. (j_a t_!j|j_^JI JjLaj Jl^ 4jI Jj i4jla IjU^ , ,, (jjjJI djLi3j_i 

4_lL^. 3JjL>J,l tfj^j j»L9 I jl 4_iSLIj 1 1 La 2 1 (jnn (_yj-II s ^i>*-!' 

' ' d b se rt 0_9^ L>^-i fi L^-iLiiA (_^-£3l ^>> Cjl!i d S La * a (J^L>. j^L-uj (jl i^^l ^Jl 
»l Lta^ J^lj (jl l5I .(<uJ-2JI 4jj^ (^1 Sj^jlII Ijjl g-jlaj ' "J (jls JjLs. La^aj 
J^s-ljJI (jJI J-3jLLj ij J j'vll jljjJI Jj-i-uVt 1— cfllll -O^*-^ 1 J. 1 ""' 1 

i(jl£Ulj (j^sjJLI 3jjL«JI (_>^sl jjJL (jiajsLc. (jLCa (^1 4_Laj ij^jJLl 'Lo.Lj 

(jl Laj ..j^s-I (ja-^J i«l_Ua_flJI JljIj_I i_3aJl_ll (jaSLII '.(jU^SLl J i aj a 4_iSLIj 
(jl w • La La I i I JUl «LjJ| S^ojlII ^ilalu-uj V (j^>* t\ Lca^JI JLjIj •-ilj^-i 

.sU^. 42j^J «LaJj>JI (JjJ (j-ujla j^VI (jjSLII I jut ^ tfJuaj 

i ■ ' a " (j I r (_gjJLa_j jj>.^?I QaSLII (jl i»l nUtl (_>^a-»J lJJ-^ 
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t_jj\ »l i^i ii II JljIj JjjHJ J-^J • 0) Jj^' U>^-" o -3 ■ij-a-J) «lH (_pLa_a -5j-<-u! 
4 i*C n j i ii J>a_i_.^/I ' . ■ cull ( _ ;r 3 ■ Uj ^ , ,.tl jjl ' '( V <_jJ_ S.JajL.1 

j_aj ^ - a * J se t La J_u£. -ClLs c_ -x_tj La jLcj_A__ (j^-Jj • ^-^J-^- 3-.^*^ 1 (1)-* 
JLiJljv. C"^- (v -^iH- 0 ^ t— t^lJI j_£j_a (j-a i(J_i-£D^I (3^ 3 *J_J ' ^ (J^-^* 

JjjjjI ' . i Sj (ji^. I ' *"_' 1 (_£j--=e-J 4_c£>L!j (m) '(') LXUjSUI (j^ ' (-=?•) J^-^ 

(j_a L_-_1_l «G^L>.j ijr 5 ^ a" i n i jl t»l LgaAJl J-jIj ^1^**' ' * I_a£L-_j .(JiiLa_a jlj-i 
. (I) ^jri^^/l 4ja£> (^JJ S^ojlJI (j-a Ijjl <jSLajj ,jj «USLIj ij^ij cr'l Ui^ 
(_gj_!l ?l LtaAll j.al i ..a (Jjijo V sQjj^sLs. (jLfl iOuLUI Jjjj/VI <_JslJI Lai 

I $ j a Jj. jlj La (j **• 1 "" 1 " I <s Ij • -j-*- 1 j oj£ u*-? ' 1° j a j 

j-a^j .SjIjjlII 

.Sjlj.} I nil * > j 1 1 p 1^ • (joS^J jt »l Q Ltll 

j.al i nil diljj ijJLlII Lgliiej (jlII (Jji-Vl OL-j-Lill (j-a JLjJjlII dJLufcj 
jl Lai 'j'j-i -5a-<-ul (_cSj (Ji-lj Ja->JI «au-u 4jl3jI JlS jjSLj (_g jJI f\ ■ ea a 1 1 ( _ ;r 3 
.jj-aj-II (jj-^ ^-^"Jt 1 ^ ^ ^ <LaLat (joSLl (jy^>* (j I 1<*>^1 4jo^ ^J^* 

<j£Jj jijjj/^I i_J£JI jjJj ^jdl jl jJ.1 J^a. ^jjI j jjj-Ia jL-u I jLa 

r I 1 a a 1 1 J^jIj <- 1 1 n SLj ijjjJ,I J^s- 4jjjI J *LL>.j (j^J ' jLiia oL>ol ( _ ;r 3 
^jj 4jL^ ijJL^JI cLaLj-tlajj . Jiaa_oVI c_t2Hjl tj^JJ-^ S ' ' "^-^ (J-*3-^ C^ 0 ^J^^-^- 0 
( j-a IJljI {j^jqIu £j] LLLla ini^ (_£J-J1 jj-ajJI I JLA ^ JLa-"i 1 n ) ^jt ^1^". , ,. t 
.jjs-I Qa^ (j-a J ii" h J t^j 1 11 Jj i^l ir-iVI 4ja^ ^1 3j^jl!I 

lil VI (<Cij V (j-ajJI Sii-jJI (jLa n^'niij^ 3 n 1 olll ijjJoj i. cma.J 
i>J-A (^y^ (3^-lj i^jJLSeu 1 n a I JLAj »j-LkJI cLcj-*_o (j-* 3 J-^' jil 1 nil «Lcj-*_u duL^ 

I J_a> I mi ijtj t g.j L^aJ I «Lcj-*_o (J-*^ cLcj-i_uj ^SLa_a j a 1 H ^jl J_>o 3JL>JI 
jiljJI (^Sj -j'j^' J>^uVl i_Jii!t Ji-b - I Jajjl 4jJjJlII SjtxJaJI dllj i. . j 1 n; 
(j-La-La (jiiaLj L$jV i»l nUlt ljL>- =L^cj-a (j_aj.II Cj^Ls-jJI OJLfli jl 

.(j^SLII \jjt ^Ja 

» )! LiJLl_t> (j_a_jjj I Jl>. 3j-ijt_a ijVI (j-^>* uifl^j (^t-lJI 4ifu__VI (Jfi jl 

ti_^tj c_jjj jia Lj_iSLaj cLijjJaj. iJiVI j < L>J I o-ii^JI (^ L^jic 

JlJj^ V L-i I jl Llflii^a j_lJJ> jV Lb 
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(JL<iJLvl dJLut ^LilLj ijljjJI Jijjj/^/I ' . i euj\ J^>-J (_L«IL>J,! (jjs 

jj , » jj] ^)£La_i La_a i ij-cl «LtSLIj LLa-Sa 



^ U " * ' - ' ' a " »1 gUtl ^* 1 t^l^j-uJl * > j 1 1 *t l_}|jt!Lal 

siljl CjJL>.| (j-aj * 4_Ua_al_iJ1 4_uj£Lll j-Al ^JaJI ^j^* * j-u-ujallJ <LlUsLjj ^iiLa-iJ 
(^jjJ.! Luo£ (jJI ^Lj S-uj^CjLo^jG dJLufc (j! OJ La]| ! jut ^ dilaJI al olr 
. j!j*j_u^M jj-* ^y-" cJ^ * 1 *n mi (JjjSjjlj V (Jj^j?e_a J^>-T (J3^ (Ih* 

(j-C ij^s-l (jJJ J ri" i"t J>j-<-ui i ■ i 25 (Ji-lj ( _ ;r aIoJ (jjJ! S^ULa 

(j-SjILa J*C i^i (jr a tllLufc JpjJjj iWormhole 4 _ =r j 1 J^aillj ^ g . ,n La (ji)-^ 3 
(j uSLc jj* (jiijU^/l <_Jil!lj White Hole <_>ii-uVI i- ■ n'tl j«u-u! d jlr j I Laj (jjj^ 
' JllH j^j-o 1 ^ . ^.^1 . ^ i ^ 3_}LU w dj 3ej L »J u - L fl i ^j_u^/1 ' JaftH 
^j^LII j A ; tl J}L>. j^juj L^jLa iSingularity SJ-laII sCL^aLi. jjj-uVI 

.j^^a-ui < i ^" ^\ ui > jj>.^M (jj£LJI w a b se rt (JSLjIuj-^jj^ I 3j-a Jpj Tit 
(jlJJ i4_Ll«js Cjlj^ca fj\j La 4jL-a !jJL>.jj (jl i<jVI lillall »l a \c JjLxjj 
Jul3 . L$_La cUolLa-La (jj£j La-lj L$j| ) ^JJ^3^0 ^5-*-^' ^1 i ui) * 

^-Lu L^SJG ^jt (j^l>~ L^jLo_t£j a3. t jJljj o\ i Mil ^j^* 1 (jt 1 jt^^ V 

OJUt (jLa ^-aj ' L-^J 4_p- 1 i a 1 I 3j_>J,l (jJlj (j-a SjLa (^^Lc JL>-!j ^l^s. 

»l <i I r (_>i-«-J J-^J 3al LaJI ,j-a SijtjLa 2 j -i^ j ) ■ aj 4H&LJt CjljjljSLII 

^^JJ jj ^jf ( j^Lq_La »l _i i >i (_LaVl Lai i<UjL* cjlj^^a ^1 J^eio «LlUs 

.Dwarf Galaxies ^Ij^i cjlj^a 

^j^cjjl q\ j ."if J_«j 4_Ua_al_«J! 2 U tl slLSLiIi! Sj a j j i qjj I JL&j 

Ji^Qil ija^iLaj I j_UaL>J! Cl^jJ! ( _ ;r 3 LjJLLaJ I »l <i Ir jjLuj ^ jjj liaJI CjIj LmJI 
ojut f^j^ 'SjLiJLa. CjljLajs S 



3j_>Jtl 3! ^0-1 (jtj . Sj J i ( a ^l-ioj-u * ) J 2fiS I j dl3> (jj-^ij JOJ t^r J uija. jj 

.^_a_L] Ij-jtJ^ _}oj-ul LlSj gfc J I aj J19 j-a_*J1 ^£ A 1 ' 2jJ LaJ_t£. 

CjLxjj_>JI a| J La 1 -»*^ <Ljc_lj_l£ 2 al taJI (jiloJj LaJ_t£. ^1 < uiVI (j-a I ij^** 

< )J_di(JLl 1 C J t » 1 Jl 3-1-U-l 1 ■ 'J Sj 1 1 3j£LiI jil^t ^-LL3 ^S_lJt23 

£jij_<a_cJl ^LoLsLi tiHUl »1 olr jj-* -i^- i ^rH5^' Jj^^'j ^Ll^uII 



JlJiS - I . >■ Atl Lai iiQ*3 Jii^. -il-ijj <j-°j-" ^ ' 'JJ^ 1 ^' J'v (jjs 

w I C 4_Ljl_a *j U ^ ^Lc,] ^JJ (_dj^eILi«, ej l a II La I ( _ ;r i3! J'C uU 

Jala |f jIU T,"a r j , 1 1 3x.j_._u J^l dJj^tjj (jll! *l J uiVI Lai 45 3^>-J-S 

5LaLs- J if, (Jj^iJ! LLajJLa i^jj^jJI £y> J I b« 1 1 >jj>JI (^Jl Vjt jioj! 

5^>-jj 45JI ilai. 3^ cjjj>J! (Ja? La! oj-uiVl t_^2l!l lJJJj ouL^ ^pJI 

JiU-^S (JUa4l *j^>J! Lai i f l_LaiII ^1 Ji aj> JllaXI jj£ dj^>J! Lai 
1 JlLaX I «i>>JI 4^JJ I I jlj . Jojj/VI i_c2jJI ^JJjJ jUjI (_gjJI ^uitl 

<_i-SfLL! Slj-a ajj-un i^j-J liJ-iLa 'J^i-T Jj-uiVl I -* ~ II LJ j g Laj 

^5 4_»_u3^_a 1 a itJL>. t ^)LijL>. ^jLa^i JL>.^J La^ 1 d se < ajl jLi_uj ^^j^Lc. Joa-oVI 
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^jj-SLlI jj d " jj-* 0^*0^ if-lxSifl I j 5 La * ^ ijr 3 J^-^-i Lx-iL£j jJljjj 

J-t-ajj 4jL£j jJ_j_iB i tjr J^£LJ1 Jj-iiJI ^ 0 mil i_La_>Jl Lot . (j-ui^Vl JTjLi- 

JlJjJj ^jt lLLj-Lc c-<j?e_i 4j-L3ej-uija <lL>.jJ1 tJi^J ijjJU V _} ^_<_u t ' ■ ^" 

I J * J L*3 1 1 jj-* £j— *-° I J-^ i— CU-J (J I t__A_^t_5 i ^SLI 1 Jj-filJ ^ <— <-flJ (jfA JlAjj 

' 1 ^**' II (j I J-^J i^jj_<j_tJ1 (j-* 4-1*3 ^L^Tli-o 1 (2>£L4-i ^-lLq J->-\ ^(jt^-i tiJLufcj 
-(_gJL>- (JS[ c I 1 eaj-JI t_!^2iil! OJLA ij^jtjjJilll jj-Co* LJI (j-a JJLC JL>.| JL3j 

cjljjl jSLILi ^3 U**t 1 La_i3j-(jV! < > ^>* ^LlUsIjU^I ^!}La-> jij^^a L#jt ^-j-^ 

(jl lLLI j jJ_r»J! 4-jLi_i «l_Ua_LjJ! i . )j ah II (^1 jJaJu (jl i4_LaLi. 

OjLa_i_il CjLtuJ (j1->>J Lajti^j i Liaise a ^L^ 4_iSLIj njjSLI! (j-^* - ^J'"^ L - 1 -" 1 
jj i aJ L^J (jSLaj «L2jjJa ■ La ■ iul (jl . JLajs j^tc CjLajl (^yi SjU.1 4la (Jj-j-u 
(jjjjLa J-;LC Ja.mj.ll (_ ;r 3 La (jlSLa (^^3 Lul i ^J^>-) *l ' ^"j 4jT (jjSLII 

(JJaj 'LuLi 3j-^*-a dJLuk (jlj (l) Sj_>J,l (^,3 (j"n+ 1 Lul I i jia 

I (j i a j_L^ JLitluJ (JjJaJI (Jj-i^- 0 u^l (j^ tai (_^i>- (jL^j^alu (jLjj_>J,l (jLjLt 
. (jLCXLi (j^ajJI JL^tjj »^-o^ 52 (J'C uJI (j_a ^_UaIu La^ i LajjJa 
oiaS i ■■ Ji^ j_aVI J-^lj (^ (_,^ tpjlj. I (v 1 ) *J-?*^^ o' (JrP^J 
i Lua£ (_y3 S^Lal! (^Jj-Lall jjfltMl JJ-JJ (jl Ll! (jSLaj (j^>-!j • Jaoj/I i_tS3 (Ji-I ^ 
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. Q^SLJI ( _ ;r 3 <jpJ-u iSL^S (t_ i) 3j^>JU 4_l3 

jjl^-JJlJI -i^>-J (jj-^ ^! i ijr J-3UZ fill (J-ajJ ^jlj-J^Mj £.1 -j-uLt-uJV^I ^jt Ll£^ 

. ^3 p Iaj *" loin ^ lj^>* I 

(jtj ijjj^tlj (jjSLII La J^j i4_ljIjJI ojSLJI ^J-* - ^ J ^**-i (j^j-^'j 

j_a udj^Lj <u! VI .dJJ 3 j ,,. ;tL! Lialj La oL< IjUs . LuLi LJ Ijl, 

j_L? . (dilj^aJ.1 CjLcjjjjcjs) CjL^oSLJIj CjIj^>J,Ij ^_jj*_l1Ij " i uillj j 1 flJIj 
«L*_a ,j_aj»_] ^jl JL) ii_d^tjj s-^jjuj ^1 J Laj . J^J-J-i-I ^ i i n flLi t_dj^tjj mi 
jJI 4_Loj jjl J>I^' "J-*^- 'Jj-^'J ^J-^ l5' cL ^- a j 

LuV di! j tjjj mi j II (jjt jJI I^Utj V JLS SjJjx. Sjtjli j-oVl j^l j ^ 

d 1 i agj La jJ-^ w 1 c j^_a^/l ( j_u_Ldj ipaj^/l c_^^ ^ ^ *- 1 

a^UJI 3 jii. i ;t l ijjJii!! ol j-i>l>!lj .Sj^sLHI LL^I^ 

^La jjl Sj£La jjt ii^agjVlj Jjjj/^I ' ■ l21JI jJt\ ^IaJ LiLlL-jo ^j-^ LlA LLi-'J'J La 
^Li3jVI j (jls jjJI j Jj-IaJI) 3j(_ijVl jLljVLi ,_LaL«li LuV J <j-°>" 

jj-a Sj II (JjSLII jI^ij ijlxli f.\ u^gj\ (j! 3j£La j j-la i LuV I i ajTj '((j-°j-!lj 



d^gjuJI i—igiLillg 09SJI 

jLU (<ua-Ll! f-j Ca jj* Curvature t_jj^tll! I jut jjLlj ,_£Jl>.Ij) SjUI 

. (jjno Milt (jKtl t-aj i liSLlI f Luf j2j ij»>>JI ^ylc 
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^tjJa^l :3_L^-aJL!l tijL>J! SJi^LiS J-^-jj 

2 al talJ 3_U oil i5_iaajjl 4j^tcLaj La_U£- Cjj^j 

^^JJj_lJJ! ^j_>>jj ^LUijiJI ^IjJs^l Lai . *Ljj>. j LJJ ! 
^j^c_l^ sLljUlIIj =LLaL>. ^j^/l i t _ 7 JL<-IL>JI 

Sj-UjJ. 1 <La-uJ Ij i I JL>- «L<lit_U3 ^ J W^ -1 ' (J - * ^ 

JlJv i Cj J_>J 1 J^S t f. 1 Jl J-mJ 1 < ) j^'^t 

4jr j>.jL>Jl ^JLaJI ^j_c jj_i_uV1 ' . i Sill J^-l-i J^aij 

Cj Jl_>u J)j_i_u^/1 ' t-flilJI * (_pi_L*_j m£ jJl 

jJU_i£ i4_jJ_U 4_u!il_>Jl tjsj^ 4-tajLi gajj _}j_i_uVl t . < fllJI 

Ll^j I -^_u£"1 <l>.L>. jlJI ^>»j tjL£^ Lc-jjj i((j-u£l) 4_U_u_u 
l-jj g-ii II Lot . 1 jufc jl^P 3J.it udLt^s * 

Cj L_Lj_<j^t_J Jj-J?e_a 4 _ T -^ i4_uj£LII (JLojVIj ^l_Ua_uJI 
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V _jl ~ j i aj JL3 <_>" " jL=t ^ ' ^J-^- 1 L<-uJ^a- VI ! Jlj! q1 L$j| I JL& (_j-L«-a 

4-J-3 Laj OJ^' ^'JJ l?'^ j0 ^ ~ ' ^"'J (J^ (jr^J • ^ ^ j i aj 

,fiUL*i JjJLiJ! d o ta * * ^111 ^Llajj j!j-*_oi jj-* 

^ j SI La_a II 4_i£j_U dj-a 1 979 (jl ji) (jjjjLo j j I a i a " * a ^1 ^s. ^5 
) S a t_gj " ui U <j-a Ltjl i .i a ^ 2 ta^j t_jj^Li Voyager 1 « I joJaj j-al i uXI» 
.SuIaMlil ^pAXI mjc, (>« (J^» 172400) j^a^ 278 , 000 ^^Ic cjjL£ 

L^jL^/JlC Cjjijj tiJLLa (ili<_iiU JLjJ uJI £L«-JuVI JjUO 3_i^jJi.I Cj£.\ taj i ulj 
j j i i"i Cj-)I^ L#j| £-aj . . . 4j Jajjaj Laj ojLaJsij (_gj"i uill ^La-uJ jj-LaJ I <_sVT 

JljlJI (^icj (4£.UuJI /J^ 55 ,000) iLcLJI <yj jio 104600 3_c 

3j_<ILaj cLa-Uslj 4jja!j_U 4laje-a ^1 i." 1 1 1 aj (jr*-" JJ 1 a ^ jJiS 4jJI jl uill 

JlJ-C 4j_ij_>J <^c (Liji^-Jjl) '■'"'J 1 ' " -^J-i^^'j^ c^^< J^J ■■■J-i^ C^l 
LujJ jj-ujJj 3j»£,Ltlu LLaI^SIj Lul lJlSj l_ut» j j ' a 1 1 tiiij SjLaI mi a 

o 1 2 c (^J-ljj^^) ^jLcLi-o (JjL^ I— al . ((CjLtLLfoJI I *j ' ^ * 4 _)_5_Li ^jl 
j j , .. A", tl (jjj.a ljut Q>^-d t*- 1 o-3jJI (j-a S^la 4jL^J 4-JajtjJ! 

«Lfl_LLs=_a (^^Jsj cLilHjt_a ^Ljj»t£j cLilHjs_a *l_j_a_j^ i_LILLA jj] ...J-lLOJI j 

1 1 i n" (_gj"i uillj 4-uLiiajiJ! <t-j£j_tl (j-U S-^J - ^' JULill (jr^- S-L2JLI1 j n" i nlj 
Ja_jj_Zu (j_a VLj-a! Cj^L-a ( _ ;r lJI CjLaj I « II— l i"i a '^lAm jj^J^ijJ 

L^Lj/IjJ ^ *L«i«JI Jtui'ni (^lll j Sji^jVl 2 la >■ 1 1 ^ i .mULulXI J-La- 1 n't I 

« I uiX\f> JaAJl ^JLvj ^5ttj O-xU f a.^.Ut I ^ ^.Utl (_jLKJl ^ ( I) 

■ <_ ]U'i5L]l 4_uz. i iLaoll i a uS. ■ Ltd Lftj-ic_g CjUijAaII 

jjjjjLa) 19 JJLc 4_L»_a ^j-C 3Ilj^>-Ua ^j-ge-HI j^^-fl Cj La j_L«J, I p la « ^ (jL i>j-tJ (jf jjJS-Jj 

.(I979jlil 
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6u0jli> 



tfjLajaLi t_gj" miU »l aLtll I Jbj . Q3UI till j (j-o 3 JJulLo J^LLij CjL>.j J (j-o Q^J 
(j .1 j I jl_4-SVI JJL£. (jl »1 qUtl ' V . . 3j-i_i-aja d h ii q mi «L£,^_$j?e_a 4jL^J 
OcjL^ L*JJJ J c SJj^Uj li^ 3 ^JO* -0 Li£ j_Ju£. (jyjjl 

'(jr-Aj .j" i 'I J IL^j JLj_4jL>-j Wjjj'j 'j' l£' £ ^!^y- : ?^' (_gj"i 1^1 II jLijsLi 

jj-C I—AJLsljI ^-Aj ^**t i imTI^ ^Ja_*_u (j? ^l'^" jl i c 1 Cj\ j I g3»jia i - a 
t j-o I Jl>. ^-u^ -iJlc A I jJa-La I £yz j JLu Li^ 0-<j-r»o (_^-JI J-^-^l- 1 Cr^ 3 lO**' 
jj uioJK ^ (_>^J Q^tA' 0 i-S^T Cr 3 £-Ia-uiJ! dilju tiJjLuJI 

<Lj-m-Q-i?uJI 4cj_«_>J,l (jjs J-^^ 0^-° i_£ ' O" 3 L?J-^ ^ 3j_aLIa 4-j3 (j^-Jj (JW^ 
4_jJLiILa 4jjjI_} CjLjJLv L#j Ja_j_r»o 4 <aV 3j-u^ 4_Uanjt_La j aj. C^-^J 
( J_ < j,^L < j/ i_slj^>. L^jL^j 4jujjj_a al>JI aJJt <_sl^>. jJljjj j^j_U SjcxILaj 
(j-o <Lj|_i Lj_I j I Ij j i ■■ 3j_&LtaJI oJUfc »l q U II j i "^jj .JLjj>JI (j- 3 ^h'- 5 
j o-S-tl ^cJa-uu *jjj-u aLLsjjI d . >» A -»■ * t, I 3j-ij>JI (J^^J j! (J-^Hr^Jtl 

Sjlj_r»JI Ij^- 3 CiJ-Jj Sj j j ^ Ocjl^ ^LlajjVI i^LLs (jlj j" "ijt^ 

3-jJLjia cjLiLv lJ £ j^jjl Lajii^. «UI (jlj ^la • iJI w La «j (_gjdl j-lill j <j 

jLjs-so (jl i." 1 j I j /oJ «HI (j-SDj < a ■ ■■ J_t£. CjjLaj Li^) 

jjtj (Jlj" uiXI (j-a LlJ^ £ LjJj lS 1 ^-" J-* 1 "J^ J^?* JJ-^ 5 Cr'l ^J - ^ 1 '-^Ij 
V^Ja L^jtla 2j (_^JI 4jtijj_ll <_a! ^r»JLi > ( _ ;r La <Ls&Ixm (jSLIj ( J-qjeTLU) «Lll (j-o 

. ^j^-iLa L_£lJ i ^ Jjljj V jl ^**< i "jli^ ^Ja-m ji'' ^jj 

IjJaj Lijjjt jj ' aJl jj-* 3 JuJmJI JL>.| JJJ ' iQ -^l ^} 1 ^iaj i j«Jj 

I jut (^a J^sVl Sjji. jjSLIj SaSlxgLaJI 4j^jil J-^^J Ij-uiUb liJIjul 4jtx^^J 
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4-3&Jaj . tflj w ^ -i^l j o 3J1 I JLA ^jjj ^jt ' gaj| Jl9j . . . {C,jpt uiXI jj-a l-^>^ 

(jl^jj 4j jjj . . ^j i-uaJI - UU^j < - 1 1 . A"j 1 1 j 4^L>J| Jj j , ..llj Lta^JL i^jz 
jL£ 50 sG_&j-3 j Laja j-Luj I ta uij Jlj La (jl JjCbeJ J^Vl ( _ ;r l£. JoJj 

jj-flj 0 J <j f 3J)ljL>. Cr-^ (J"4 I JukJ (j-oiai 'LjJJJ ^t"> 1 .1 (ji ^^i^- . |><-a 

*U1*JI 

(j I * I a I « t 1 ) S j « Jj . . cb dJj Lu j» Ltajj V ^Liia j LiT j-^c ^la-mJ I (JjljJj 
«l_j_La_£. tjl—J *Vj_& (j-la-ij . . 3 JL) JLtL 3_jjjlj 4_lLjX. jjx. «Laj>.Lj ^Ia-uJI 4_ajjt_) 
iJ3 _3 ^1 * loVI fi\Jila_La jj_a J-Ijufu (j-£-l » mi! ' a t jqIu &JJt> 4_jjjLL1I 

<■". I -r 1 .1 JLSj . . . fiiLtiDI) A a uu ^Ij-^ A (jlr 5-SLa-lXI olut^ . . (_gj"i miU 
Jalj 400,000 J.>L*-j Lu Lijfc ^1 < u>VI SjJa * ,\\ A tl a_£j_tl 5>^>.l 

(Jj " m i 1 H j-al c-J jJai jjfcj LuJLal j-«-UI <j-a c-j j-oJLl 3_£j_U ^ >^ 

(jl j j 1 a II (jjs ^ 1 eaj| JL3j . . (j-jLlIL*. I j A .^"Cl (^^jjl jLaJa^/l (j_a (_>^J 

I 30 iLcLajj! £-Lu i! <_u^c J'n uu LJjJa jCL«j3 4_iSL!j Ljijn^ (J-":!-' J1^^ I 

. Ijjjs ^Jb^ 220 4J ^iaj ^Li^ 

1 ^ uijSl CjLSJLv 4_i jj JaAfl ^J^>«j ^ji L^jij-t-o J 1 J ' a ^ ^JJ^-* 

» i < ea d 1 1 ^ "i i ^j— a (j\ . . jjjj^-iIjjI c_t^^ lX^" '"'^ ^> A^^J 1977 

Jy>.j ^La- 1 m") I 1 ^ il V! t^gj" mm! II La- mi a ,Ll3 (j-o L1jjj>.| I I j I 0 jjjjjj 
^ "i i ^{j— a 5j, ' 3 a ^^-^ J J ui-AJ j^)^*- 4 - 1 5j_iJ_>JI jj LtaJ I «L*_ulj^ ^j-a_5 ,CjLoL>. 
jl In 1 iU ^LSj^j LjjT liilj 3 Sl-»JI tfjut l^I uu£l (^i^. I I j 10 j^ujjj «LiiiJI 

. JLs. Ij J-J-a J-Li^ ^ 1 '" i 

3-o-se-iiaJI «lj_«_>JI 4 < ?jtl 4-ul i^-iiill 4j^jJ.I CjLu/Jx. Cjjjj^s 



.LsJI ^LaUs^lj (I) 
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. 1939 jjIj^s 14 ^ ijUjjJ! j a^L-i 3j_aLUI jJj * 

^Lc Sj_aL2JLi 4jSLjj_a^/l <L«_oL>J! <jji jj" . n-vLU (^i^. J -^-^ * 



JLl 4jl^LjJIj Sj^tLlILi 4jSLjj_oVI 3jl^LjJLi (j^ijjjilILi ^La * 

.A ■ 



5U,„,tl S.uJjJI CjVLUI j (j-JjlII JLpJ! Q^Juak <j-a JLjJjlII <t! jj^j * 
^jXkJIj jjJ-flJI S_jLcjJ (jlr VI (j .il->J,l liyJLs- j J * 
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